MICHIGA 


APR 4 1983 


FNCINEERING 


HE ENGINEER 


RCH 17, 1961 28 ESSEX STREET, STRAND, LONDON, W.C.2 TWO SHILLINGS 


Enter No. Cl on reply card “3 
i“< 
<- 
A wer’ 5, Od } 
; aad 4 ‘3 4 r 
e: e” 4 t 
ewigh Chamber, Corp) . p " 


f° wtih 









i March 17, 1961 THE ENGIyp, 
TEER 


SCRAP 


for 


COHEN'S 
COHEN’S 


for 


SCRAP 


GEORGE COHEN ii 


6 P 
SONS AND COMPANY LIMITED oneur 


RAW MATERIALS DIVISION 


Experts in Scrap since 1834 

























WOOD LANE, LONDON, W.12. ‘Telephone : Shepherds Bush 2070 - Telegrams : Coborn, Telex, Lond 
And at 600 Commercial Road, E.14 + Canning Town, E.16 . Southall, Middlesex * Bath ~- Belfast - Glasgow * Hebburn ~- Kings’ 
Leeds * Luton * Manchester * Middlesbrough ~- Sheffield * Southampton - Swansea - Brussels * Dublin - Mombasa ° Nail 








New York * Sierra Leone * Singapore + Takoradi 







ae 


Enter No. C2 on reply 











JM 





THE ENGINEER 


Established 1856 


No. 5486 ' MARCH 17, 1961 VOL. 211 





EDITORIAL CONTENTS 





Leading Articles Electricity Generation in Scotland. . . . . ...... . . . . . . 401 
Side Effects of the Channel Tunnel Project. . . . . . .. . .. . =. +. 402 
ee ee se SS Pea ow ee ete oe bee ee ee ee 

Articles 
fe ee ee ee ee ee ee ee ee 
The Channel Dam... c= s@es @€ @« « «' 2 oe Oe 
Materials for Advanced Steam Conditions com eR we eee ee a ame 2 6 
Electrical Engineers Exhibition. No. I . . . . . . . . . eee ee 40 
Water Power in the Province of Quebec. No. If. . . . . . . . 416 
Traffic Research Instruments ....... +... «© «© «© «© «© «© « « 4§9 
Construction and Use Regulations . . . ... .. . . . 2. ee ee 4IY 
Independently Sprung ““Grand Touring’ Car. . . . . . . . . . . .) . 420 
Tunnelling in London Clay. . . .. . . «+ +2 © « «© «© «© «© « «© « « 422 
ee ee ee ee ee ee ee ee ee ee ee ee ee 
Committee on Scottish Water Power. . . . . . . . eee ee 426 
Institution Merger . . . ~*~ e oe we ea ew ee te ss 5 
Electronically Controlled Ignition Seton ae a ee 
Matching Transformers for Pulse Links . . . . . . . . eee 426 
Low Pressure Boiler Burner Unit. . . . . . . . . ee 427 
Oil Production and Reserves . . : +» © «© «¢ © & 6 6 &» «= 6 
Freight Modernisation Scheme for Sheffield Area ~ eee ese Cee ew oe eo OD 
Stainless Steel Exhibition . . . . . . . . . ee ee eee 427 
The Tyne Tunnel. . 7 er ee ee ee ee ee ee ee ee ee ae 
Lloyd’s Register Annual ‘Report “ 4 s's © & & © &. oo & & © eee 
Major Chemical Plant Contracts in the U. S. s. R. ; « * we eS * * & we De wD 
Low-Loss Fluorescent Lighting Circuit . . . . . . . . . . . ee 428 
Demonstrating Closed Circuit Television. . . . . . . . 2. . ee ee. 428 
Acid Pump... ae a ae ee ee ee ee er ee ee ee ee a ee ee a 
Simple Geiger Counter — ‘we @ Pte BR Bee Be 2s 3 
Towing Carriage for Experimental ‘Tank. iveevekeee#@e terse ae 
ee Ee a 
Continental Affairs 
Leipeig Gerimg Fair. No. Ml. 2. 1 ee lt ltl tl tl tl ltl tl tl tl tll ltl lf SR 
, 0 ee a a a a a a ee 

American Scene 
Progress of the Tennessee Valley Authority. No. Il. . . . . . . . . .) . 435 
Stroboscope for Microwave Studies . . . . . . . 2. ew ew ew ee eee 4BB 

LETTERS Metropolitan Line Widening . . . . . . . «© «© we ew ew ew eee 44 
Millions to be Saved? . . . . . 2. 1 we ee ee ee ee we 4S 
oe ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee 

ke rr a a a a a a a a a a a a ee ea 

NEWS AND NOTES British Standards Institution . . . . . . . . ee ee ee ee 4 
Technical Reports . . . 1. © © © © © © © © © © © © © eo ew lw lt OF 
OS | i a a ee ee 
Personal and Business . . . . . . 2. 2 «© ew ew ee ee ee ee 431 
British Patent Specifications. . . 2. 1 ee ee eee ee ee 439 
Catalogues and Brochures . . . . -. «© «© «© «© we we ee ee ee ee 440 
Forthcoming Engagements . . . . . «© 2. «© we we we ee ee ee ee 440 

INDEX TO ADVERTISERS : PAGE 117 CLASSIFIED ADVERTISEMENTS : PAGE 107 


NOTICE TO READERS No undertaking can be given to return illustrations or manuscripts. Correspondents are requested to keep copies. No notice is taken of 
anonymous communications. 


SUBSCRIPTIONS U.K. and ABROAD £5 10. 0. p.a., including postage (CANADA £5 5.0.). Single copies 2s. each, plus 9d. postage. Also on sale at newsagents. 


*‘THE ENGINEER’ BUYERS GUIDE Published annually. One FREE copy is sent to all direct postal subscribers on publication and delivered by newsagents to all 
regular readers. Additional copies are obtainable at 10s. Od. each. Postage 2s, Od. extra. 


Published every Friday by 
MORGAN BROTHERS (PUBLISHERS) LTD., AT 28, ESSEX STREET, STRAND LONDON, W.C.2. Telephone: CENtral 6565 


4p MEMBER OF THE AUDIT BUREAU OF CIRCULATIONS © MORGAN BROTHERS (PUBLISHERS) LTD. 1961 








Werkspoor 
does the 
assembling 


too! 





.) 
al 
8 
> 
bd 

a 








March 17, 1961 THE ENGINE 
r 






lTighmaieh 
Vor 
ini wa 











iy 
ity 
ri 


. a. 
om V8y 
38 we i A 
- - . 3 a 
’ 
‘i 
. 





cd ad 
ary 

as! mas 
* a. 
‘eB 


= 

% 

in 
Shoewawa | IP] 


may ° oe 





wz 










a vad fut 

























> te. j i@ 
! * 
: ¢ 4 es > 
i F} fp nS “a 
, Fd 4 r 4 $ we j 
ye re Ee : 3 ; 


—e 









AZT 







a 





B77 s 









\Zh 





Aves <7] iar 


“aR a * 


= = = 
j file 





we we | 


2,000 men are on hand to work for 
Werkspoor’s Construction Department. 
A permanent team of key personnel 
and the most extensive range of 
equipment are your guarantees that 
every job, large or small, 

will be handled in the best way and 
in the shortest possible time. 
Complete factories and plants, 

boiler installations, buildings, bridges 
and pipelines, either made by Werkspoor 
or by other manufacturers, 

are assembled by these experts in 

all parts of the world. 


®) 






WERKSPOOR 


UTRECHT WORKS (NETHERLANDS) 





- CONSTRUCTORS - CONTRACTORS 


MANUFACTURERS 


Enter No. 21 on reply af 

















No. 5486 


THE ENGINEER 


MARCH 17, 1961 


Vol. 211 





ELECTRICITY GENERATION IN SCOTLAND 

The principles behind electricity generation in Scotland 
are once again to be put in the melting pot. On page 
426 of this issue the statement made to the House last 
week by the Secretary of State, Mr. Maclay, is printed, 
from which it can be seen that the terms of reference of 
a committee he has appointed are very wide. Although 
these terms cover all aspects of electricity generation it 
is primarily hydro-electric power which is in question. 
Thus after less than twenty years of development and of 
successful activity, the aims of the North of Scotland 
Hydro-Electric Board will again be under scrutiny. 

It is, perhaps, worth recalling briefly the history of the 
Board. Before the war Bills promoting certain hydro- 
electric schemes in Scotland were rejected by Parliament 
with distressing frequency. Eventually the Cooper com- 
mittee was appointed to look into Scotland’s water power 
resources in a comprehensive manner, and following the 
publication of its report, an Act was passed in 1943 and 
the North of Scotland Hydro-Electric Board was created. 
Its task was not only electricity supply in its own area, 
but was also to construct hydro-electric schemes yielding 
a surplus of power for export to the South. The profit 
from the sale of this power was to be used for the un- 
economic distribution of electricity to consumers in the 
remoter parts of the Highlands, and in addition the 
Board was obliged, as far as its duties permitted, “to 
collaborate in carrying out any measures for social im- 
provement and economic development in the North of 
Scotland.” The Board reached a stage of development 
by the end of 1960, where 875MW of hydro-electric plant 
had been installed (with an annual output of nearly 2500 
million units), 5S72MW was at the constructional stage, 
and schemes of 555MW were “under promotion and sur- 
vey.” £215 million had been spent on capital develop- 
ment, £148 million of it on hydro-electric schemes. In 
1960, its operations can be summed up as: installed 
capacity (all sources) 1053MW; units generated 2435 
million; units exported to South of Scotland 565 million; 
units imported from South of Scotland 96,000,000; capital 
expenditure in 1960 £10,000,000; 92 per cent of potential 
customers connected to supply. The output figures for 
1960 are low because run-off was 81 per cent of the long- 
term average. 

Many of the Board’s principal schemes will be familiar 
to readers of THE ENGINEER. They are characterised by 
fairly low load factors where reservoir capacity is avail- 
able, to give the peak-load exporting function explained 
above; by an interesting variety and ingenuity in the 
technical aspects of their design, as far as natural 
conditions such as head and scale allow; and by a 
generous treatment of those aspects of development 
covered by the term “amenity.” Throughout its life, 
the Board has striven with success to replace the initial 
stubborn local opposition to hydro-electric schemes 


by, in some cases, encouragement, though there is 
apparently a resurgence of opposition in the case of the 
Glen Nevis scheme. The Lochaber scheme, which has 
supplied power for aluminium refining since the 1930's, 
is the only sizeable hydro-electric resource in the High- 
lands not within the Board’s activities. The South of 
Scotland Electricity Board, which also comes within the 
new committee’s terms of reference, controls the Gallo- 
way (112MW) and Lanarkshire (1SMW) hydro-electric 
schemes, but otherwise relies on eleven coal-fired thermal 
stations, the most recent being at Kincardine. At the end 
of 1959 this Board’s installed capacity was 1656MW, but 
last year a third 120MW set was brought into use at 
Kincardine. Two 200MW sets are due to be commis- 
sioned, in 1962 and 1963 respectively, at this power 
station. The U.K.A.E.A.’s nuclear station at Chapel 
Cross (of about 140MW capacity) falls within the region, 
and the Hunterston nuclear station (360MW) and Loch 
Awe pumped storage scheme (443MW) are under con- 
struction as a linked scheme for the South and North of 
Scotland Boards respectively. 

We await with interest the conclusion from the com- 
mittee’s deliberations. Is there to be an end to, or a 
reduction of, the subsidy to the Highlands now that 92 
per cent of the potential customers have got a supply? 
Are local objections based on “amenity” becoming a 
serious factor again, when analysed against a policy of 
balanced development of a natural resource? Or is it 
not that recent trends in engineering design are the critical 
factors in this matter? Progress in the design of coal- 
fired generating sets has been quite spectacular in the last 
few years. It may well be that construction of, say, a 
single power station with sets in the 200MW to 500MW 
range of size would be decisively the economic choice in 
the next stage of planning for the whole of Scotland. 
Capital costs have already been reduced to about £50 per 
kW for 200MW sets, such as are being installed at 
Kincardine, and about £40 per kW is possible with the 
new S5OOMW designs. Already the annual figures reflect 
these improvements: the cost per unit “sent out” for all 
the stations of the C.E.G.B. (which are, of course, coal- 
fired) was 0-606d. for 1960, and 0°647d. for 1959; the cost 
per unit “sent out” for the hydro-electric stations alone 
of the North of Scotland Hydro-Electric Board was 
0°787d. for 1960; presumably the fact that the hydro 
figure is almost 30 per cent higher than the thermal one 
is parily accounted for by its higher peak load avail- 
ability. There exist other competing possibilities too, 
in the nuclear field, and with tidal power perhaps, which 
the Rance scheme has demonstrated to be economically 
much more attractive than was formerly thought. How 
does the Hydro Board’s development programme com- 
pare against these new trends? Are corresponding 
developments likely to be introduced in hydro-electric 
practice, and if so, will they offset the fact that the best 
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sites have been exploited already? And are the High- 
land sites large enough to sustain a development pro- 
gramme for many more years? The only sizeable scheme 
under construction, apart from the Awe scheme men- 
tioned earlier, is the Strathfarrar and Kilmorack scheme 
of 102MW capacity. In the 555MW “under promotion 
and survey,” 315MW is grouped as “under preliminary 
investigation”; of the remainder there is one 150MW 
scheme, one of 38MW, and then, in order of size, the 
Glen Nevis scheme of 25MW. Even though Hansard 
stolidly reports that “Hon. Members” cried “Shocking” 
when Mr. Maclay had read his statement, there appear 
to be good technical grounds for appointing the com- 
mittee. 


SIDE EFFECTS OF THE CHANNEL TUNNEL 

PROJECT 

Often when some big engineering project is under dis- 
cussion there are side effects which go unnoticed. But 
they may be important all the same. Speaking recently in 
Cardiff, Mr. Harrington, chief shipping and international 
services officer of the British Transport Commission, 
pointed out that the orderly development of cross- 
Channel transport between this country and Belgium and 
France has been bedevilled by the variations in the likeli- 
hood that a Channel tunnel would be built. Whenever 
that project, which has been under discussion for over 
a century, has come closer to realisation there has been 
a natural tendency to delay expenditure upon the pro- 
vision of new ships and the development of ports and 
services of all kinds. How serious the consequences 
might become to-day was revealed by some of Mr. 
Harrington’s statistics. In 1938 the number of accom- 
panied motor vehicles handled through the port of Dover 
was 31,000. Twenty years later, in 1960, the number 
was ten times as large; and in the single busiest day last 
year the number of cars ferried across the Channel was 
over one-tenth of the number carried in the whole year 
of 1938! The rate of increase is so high that those 
responsible have to plan well ahead how the organisation, 
the plant, and the services are to be extended and how 
and when new ships are to brought into service. Much 
of the international organisation which regulates the ferry 
services could, no doubt, be adapted without trouble to 
fit the situation were the tunnel to be built. But there is 
to-day, as there has been from time to time in the past, 
“justifiable hesitation” about spending money on the 
development of Dover harbour and about placing orders 
for new ships. For just at this time the chance that the 
building of a tunnel might at last be authorised can be 
reckoned unusually high, even though there are plenty 
of critics with alternative proposals for a different kind 
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of tunnel, for a cross-Channel bridge or for the use of 
“hovercraft.” If delay in reaching a decision for of 
against the Channel tunnel project should turn out to be 
prolonged it may well be, should the project be again 
rejected, that travellers by car to the Continent some 
years hence will have to put up with ferry services of 
lower standards than they might have enjoyed had the 
project for a tunnel not come under discussion now, 


GOODBYE TO ‘* BRADSHAW ”’ 


By the time its approaching end was announced on 
March 10, successive increases in price had put 
Bradshaw’s railway guide beyond the reach of some of 
its best friends. It was also becoming harder to buy for 
those who could bring themselves to hand over twelve 
shillings and sixpence for a publication which their 
fathers remembered buying for sixpence. A generation 
of stationers’ assistants had arisen which knew it not, and 
it seemed almost sacrilege to attempt to describe to un- 
comprehending ears a publication as monumental in its 
way, and as full of fascinating detail, as the Albert 
Memorial. The affluent society in general prefers queue- 
ing at an inquiry desk to looking up its own trains, and 
although “Bradshaw” attained the dignity of a centenary 
in 1939 the event was overshadowed by others in that 
singular period of human affairs. In the years that 
followed, practitioners of reading “Bradshaw” acquired 
occasional popularity by revealing to holders of forty- 
eight-hour leave passes methods by which London could 
be circumnavigated, thus avoiding both the attentions of 
the enemy and the vigilance of the military police. With 
the return of peacetime the idea seems to have gained 
ground rapidly that if a timetable was not as easy as 
ABC it had better be left severely alone. Yet how lucid 
were the “Directions for Using the Guide” which faced 
the “Index to Stations, &c.” and broke the novice in with 
a simple specimen journey from Sheerness-on-Sea to 
Dover Priory via Sittingbourne and Melton Regis! From 
that introduction the perceptive reader could proceed to 
browse through some 1200 pages offering untold wealth 
of imaginary journeys. Now sadly we know that the 
May issue is to be the last of “Bradshaw,” an institu- 
tion Once invested with the illusory permanence of the 
railway system itself. Presumably the familiar format 
will remain in the British Railways separate regional 
timetables, but these leave something to be desired for 
the traveller whose journey takes him from one region 
to another. Perhaps the answer is an omnibus edition 
which will bring back “Bradshaw” under a new name. 
Other factors may operate to reduce the bulk of such a 
book, but they do not diminish its usefulness. 





** LOCOMOTIVE ENGINES ON COMMON RoapDs ” 

“* Sir.—Your correspondent ‘J.E.’ states ‘that he has found it 
impossible to take an engine over a paved road one mile without 
shaking it to pieces, every joint being loosened and thereby rendered 
unfit for use until made good, &c.’ I have been more fortunate, and 
can show ‘ J.E.’ several engines which have travelled over 2,000 miles 
each, and are now in perfect order. 

** One of the engines you saw ascending the Frindsbury hills had 





The Engineer—100 Dears Ago arcu 15, 1861) 


done nearly the above duty. Probably the slow speed at which my 
engines travel, viz., three miles per hour, may have something to do 
with this result. 

“I am of opinion that three miles per hour should not be exceeded 
without springs, but with springs, and a properly constructed engine, 
! see no objection to ten or fifteen miles per hour on ordinary roads. 

Thos. Aveling 


Rochester, March 4th, 1861 ” 
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The Channel Dam 


Proposals are discussed for combining with a project for a cross-channel bridge 


a partial barrage, the aim of which is to 


modify the currents through the Strait 


of Dover. either with or without a pumping/generating installation, and hence 
produce beneficial climatological changes. The first part of this article consists of a 
brief résumé of these proposals, as suggested by an eminent French engineer, 
M. Rougeron, in 1956. Since then, however, M. Rougeron has developed these 
ideas somewhat, and the second part of the article comprises a letter from him 


giving the up-to- 


AST year when the Channel Tunnel 
[study Group’s report was published, 
there was some controversy over the relative 
merits of a tunnel as against a bridge for 
the proposed crossing of the Channel. When 
we commented on these proposals, we 
suggested that there might even be a third 
possibility, that of a dam across the Channel, 
but we failed at that time to discover the 
source of this idea. More recently, in 
investigating recent French researches into 
tidal power (described in an article in THE 
ENGINEER last month) we were fortunate 
enough to discover the full details of the 
Channel barrage project. The idea was 
put forward five years ago by a French 
engineer, M. Rougeron, but since, on the 
one hand, the Channel tunnel proposals are 
still of topical interest and are awaiting a 
governmental decision, and on the other, 
the proposal is of such great interest and 
also, apparently, virtually unknown in this 
country, it is worth while to explain its 
principles. What follows is merely an 
outline of the idea, the full account being 
given in M. Rougeron’s paper “ Heating 
Fffect of the Gulf Stream upon the North 
Sea and its climatological consequences,” 
published in the Quatri¢émes Journées de 
L’'Hydraulique 1956, Volume 2, published 
by the Société Hydrotechnique de France;* 
M. Rougeron commences his paper by 
referring to the proposal of the Russian 
engineer Markine, who suggested warming 
the arctic lands by damming the Behring 
Straits and pumping warm Pacific water 
into the impounded sea to the north ; he 
explains why this proposal would not succeed, 
and then expounds on why the various 
objections to it do not apply to his own 
scheme for the North Sea. 

The principles, then, are as follows. The 
heat introduced into a sea at a temperature 
of about 0 deg. Cent. by a cubic metre of 
water at +10 deg. Cent. is about 10,000 
calories. The mechanical energy impressed 
on this cubic metre to give it a speed of 
4 knots is about 0-5 calories ; doubling 
the latter figure to take account of head 
losses due to an amplification of scale of the 
order 10*, it can be seen that the use of 
mechanical energy at present day costs is in 
principle quite feasible for such a purpose. 
Now in the winter, the temperature of the 
sea is about 12 deg. Cent. at the Western 
end of the English Channel, and about 
10 deg. Cent. to the North of Scotland. 
Close to the Dutch coast, however, the sea is 
much colder, and is at about 3 deg. Cent. 
The Atlantic waters are warmed by the 
Gulf Stream, but the eastern half of the 
Channel and the southern part of the North 
Sea are virtually stagnant, and so cool down 
as the summer sun loses its power. A tidal 
current of 3 or 4 knots is nevertheless present 
in the Pas de Calais, but each tide coming 
up the Channel into the North Sea meets 
the previous tide coming from the north, 
the net effect being the equivalent of “ nine 


* And also in his book Les Applications de L’ Explosion 
Thermonucléaire. Editions Berger-Levrault, Paris. 


date position. 


paces forward and eight back” at spring 
tides, the difference being even less at neaps. 
The cross-section of the Strait of Dover is 
about a square kilometre, so at the mean 
resultant velocity at spring tide, viz. 0-2 knots, 
the flow through the Strait to the east does 
not exceed 10 cubic kilometres per day. 
That part of the North Sea concerned in 
M. Rougeron’s proposal lies roughly south of 
a line drawn from the Wash to the north- 
east corner of Holland ; it has an area of 
about 50,000 square kilometres (the area of 
the Channel east of the Cotentin penin- 
sula is less than this figure) and contains 
a volume of water of about 2000 cubic 
kilometres. Thus barely half of this volume 
is renewed during a winter. If the rate of 
renewal could be multiplied by five or ten 
(i.e. increasing the mean speed to | or 
2 knots) warm Atlantic water would give 
two or four complete renewals per winter. 

Three suggestions are made to achieve 
this, namely (i) a barrage comprising piers 
and sluice gates across the Strait of Dover 
which would allow the tides to pass to the 
East and debar their return; four replenish- 
ments per winter are computed for this 
scheme (ii) two “ partial” barrages each 
about 12km long, with sluice gates as in 
the first scheme, but leaving the central, 
deepest part of the Channel free ; clearly 
this would be much cheaper (three quarters 
of the Channel is less than 30m deep, and 
the remaining quarter less than 45m) 
would avoid navigational complications, 
and would still suppress a large part of the 
westward flow (iii) the same scheme as (ii), 
but with the addition of an artificial island in 
the central channel, in which slowly-rotating 
screws would be installed and operated to 
assist the eastward flow and/or oppose the 
westward one. 

The effects of such a measure on the climate 
(backed by evidence not given here) are 
summarised by M. Rougeron as an increase 
in the mean winter temperature along the 
Dutch and Belgian coasts of 2 deg. to 3 deg. 
Cent., a corresponding increase in summer of 
about | deg. Cent. and above all, a prolonga- 
tion of the autumn into almost what is now 
the depths of the winter. These effects would, 
of course, be felt equally on the English 
coasts, and M. Rougeron describes the 
English climate which his scheme would 
induce as “a climate of the uniformity 
and constancy observed in little islands in 
the middle of an ocean.” The direct benefits 
of the scheme would include : a saving of 
10 or 20 million tons of coal per year (in 
domestic heating) over the whole area 
affected ; important advantages for agri- 
culture ; the generation of tidal power 
(i.e. power from the sea currents), in the 
summer (the forced circulation would, of 
course, be stopped in summer ; further- 
more the consumption of pumping power in 
the winter regime is not obligatory) ; support 
for a cross-channel link ; and an important 
contribution to flood protection. The 
dangers of the tidal surge in the North Sea 
are well known, and with the Channel 
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barrage, M. Rougeron argues, the tidal 
regime could be completely modified, and in 
an emergency, a means of control as powerful 
as desired would be available, by modifying 
or even reversing the west to east current 
which it is the barrage’s primary function to 
create. 
M. Rougeron writes as follows : 


Sir,—Here are several observations which 
the above description brings to mind. 

Historical_—The Markine project has always 
seemed to me the highest fantasy. By contrast, 
Harry Wexler, director of research services of 
The U.S. Weather Bureau, Washington, pub- 
lished in “Science” in 1958 a more serious 
project based on results of tests carried out in 
Alaska with an artificial fog which reduced by 
seven-eighths the freezing of the ground at 
Overland air base. I believe the Wexler project 
to be perfectly practical, though of course there 
is no question of it applying to the North Sea. 

Choice between Solutions.—The three alternative 
solutions listed above well summarise my ideas 
of 1956. But the tunnel, or bridge, were not 
then topical. Besides, I am much more optimistic 
now as to the effects of heating, as shown by the 
following paragraphs. 

To-day I consider the solution indicated by the 
sketches (a) & (c) as the right one, viz. two break- 
waters, each about a dozen kilometres in length, 
one from Dover extending Eastwards, and the 
other from Sangatte extending to the North, joined 
by a bridge about 15km long. In my opinion the 
breakwaters alone would be sufficient to double 
or triple the present penetration of the waters of 
the English Channel into the North Sea. With 
modern hydraulic model techniques, the exact 
positions and effects of these breakwaters could be 
ascertained quite cheaply. But it would be a 
pity—if one accepts the ideas explained below- 
not to draw the maximum from the scheme by 
adding sluices and several millions of kilowatts of 
pumping capacity to it. For that, there are two 
possibilities. 

The simplified sketch (d) shows a suggestion 
made to me. A steel curtain, with counter- 
weights, extends between the bridge piers, to 
obstruct the current automatically in one 
direction, and allow it to pass in the opposite 
direction. The design could be much better, 
and would be more economic, I believe, than 
sluice gates. 

But the project with artificially-induced current, 
produced by giant screws mounted perhaps at 
the bridge piers or under the bridge deck, has 
always seemed to me to be valid. I would 
increase their power beyond the 250 to 2000MW 
I estimated to be necessary in 1956 for currents 
of 1 or 2 knots ; I would go willingly to almost 
3 knots and SOOOMW. 

Then I would combine the concepts of the 
articulated structure and of artificially-induced 
current. 

Lastly, for amateurs of récupération, ‘note that 
the electric-motor-screw sets would function as 
generators when the current, whether it be in the 
West-East of East-West direction, were between 
3 and 4 knots. The French and British national 
grids would consume the energy produced, and 
would likewise supply the energy for pumping 
at around the slack water times. This is the 
same concept as is accepted by Eléctricité de 
France for the tidal power scheme which it has 
started to build on the Rance. Here is an 
example of twelve hours working, from the 


moment current reverses from East-West to 
West-East : 
1. For one-and-a-half hours, pumping to 


accelerate the current which is establishing itself 
in the required direction. 

2. For three hours, generating, slowing the 
current and supplying energy. 

3. For one-and-a-half hours, pumping as in 
stage 1. 


4. For one-and-a-half hours, to 


pumping 
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(a) The scheme in outline 
Two breakwaters, each about 
12k mni length, are connected by 
a bridge about 15km in length. 


(6) Typical winter tempera- 
tures for N.E. France. The 
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(c) 








wind direction shown and the 
(b) following temperatures relate 
to January 25 and 26, 1961. 


Max. day 
temp., 
deg. Cent. 


Lille a ta 7 
sz | ae 3 
Cherbourg 5]... ... «. 3 


Min. night 


temp., 
deg. Cent. 


(c) Effect of inclined spurs on 
current reversal. 

(d) Diagram of balanced gate 
principle. The “curtain” or 
gate section is continuous but 
the counterweight is not ; 
current flows from left to right, 
but not from right to left. 


(e) Isotherms for Western 
Europe in July. 

(/) Isotherms for Western 
Europe in January. 


The Channel Dam 











hinder the establishment of the current in the 
unwanted direction. 

5. For three hours generating as in stage 3, 
which slows down the current, now in the 
unwanted direction. 

6. For one-and-a-half hours, pumping as in 
Stage 4. 

A routine of consumption and generation 
tending to zero would then be established, 
gathering the current uniformly to a mean 
speed, say 3 or 4 knots, for three-quarters of the 
time, and accepting a current at mean speed and 
in the opposite direction for the last quarter. 

There is, of course, no interest in forced circu- 
lation in the warm weather, when the sets would 
be operated as a productive tidal power station. 
Even better, as it is not indispensible even in the 
cold season to pump without interruption each 
time the state of the tide demands, pumping can 
be cut out when demand is high, and the energy 
kept available for the peak load. Further, the 
generating mode can be extended to cover the 
peak hours. 

Importance of “ Thermal Recuperation.”—In 
1956 I counted on raising the mean winter 
temperature only 2 deg. Cent. or 3 deg. Cent., 
primarily in England, and in a little corner of 
N. France, of Belgium, and of Holland, as well 
as a saving of 10,000,000 to 20,000,000 tons of 
coal on domestic heating. These figures are not 
extraordinary bearing in mind that some 30 
cubic kilometres of water at 10 deg. Cent. which 
would be introduced into the North Sea each day, 
would likewise introduce the heat equivalent of 
30,000,000 tons of coal. London would be 
warmed by a Thames transformed into a 
conductor of the water of the Gulf Stream! As 
this energy is not dear, an efficiency of 1/1000 
seemed sufficient. But I am much more optimistic 
today, for I did not know the climate of Cher- 
bourg. Typical temperature figures are shown 
in the legend which are an experimental 
demonstration in that region, of my thesis. 

First, the heating effect will be almost as marked 
in the English Channel as in the North Sea. 
With present tidal conditions at the Pas de Calais, 
the Channel water is as stagnant as that of the 
North Sea. The sketch (f/) shows isothermals 
for January, which from Spain to Ireland 
largely follow the meridians. Indeed there is a 
small inflection to the East in the Channel, but 
the interval between isotherms there is not very 
different from its value in Brittany or Wales. 
If one multiplies by eight or ten the flow across 
the Pas de Calais of warm Atlantic water which 
is present at 12 deg. Cent. at the entry of the 





Channel, it will then be found at.almost the same 
temperature in the southern part of the North 
Sea. The 7 deg. Cent. isotherm of January, 
which passes Brest and follows the north coast 
of Brittany for a hundred or so kilometres, will 
bend round to St. Malo, Le Havre and Le 
Touquet, then return to the West passing 
Eastbourne, Southampton and Cardiff. Penin- 
sulas like Cotentin and Cornwall will have the 
climate of the South coast of Brittany and the 
Scilly Isles, with their palms and cacti. 

As far as the inland regions are concerned, I 
consider that the heating effects will extend largely 
to all the region in France North West of 
the line Nantes-Orleans-Paris-Meziéres ; to all 
of Belgium and Holland ; and lastly to practically 
the whole of England, at least as far as the 
fifty-fourth parallel. 

It is probably on the Continent that the 
improvement of winter temperatures will be 
most marked. With the passage of Atlantic 
depressions and the rotation of winds from South 
to North, and principally from South East to 
North West, brusque variations in temperature 
of 6 deg. to 8 deg. Cent. over twenty-four or 
forty-eight hours are frequent over the entire 
region I have defined. The passage of North 
West and North winds which is the cause of this 
lowering of temperature, will be rendered milder 
if the wind crosses several hundred kilometres of 
the Channel and the North Sea where the tem- 
perature has been raised about 5 deg. Cent. The 
warming of the Continent will thus make itself 
felt by a marked raising of minima. 

The warming of England, by contrast, will 
always occur in the general case, which is the 
passage from West to East of Atlantic depress- 
ions, by raising of maxima, in liaison with South 
and South-West winds (on arrival of the de- 
pression) which will have to cross a well warmed 
English Channel. The minima will only be 
attenuated by the heat stored in a territory three- 
quarters the size of England. 

In the more exceptional situation of the 
central European and Scandinavian anti-cyclone 
with North East and East winds, it is, on the 
contrary, England which will gain the most, 
from the point of view of raising minima, the 
wind only appearing after crossing a warmed 
North Sea. England south of the fifty-fourth 
parallel, therefore, would experience numerous 
winters without frost. 

The question must not be considered solely 
from the economic aspect of consecutive warm- 
ings giving increases of nearly 3 deg. Cent. over 
a very vast region, including England, but 
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equally from the agricultural point i 
England the climate of poser pri they In 
on the North coast of Brittany is welj 
if only from the early vegetables exported 
there. The same climatic conditions, gj 
more favourable, occur on all the South pea 
where they are not exploited solely due to 
backwardness of the farming community, but 
expressed by the growth of certain species - 
as fig and palm trees and mimosa ; even 
are cultivated there. With a mean temperature 
raised by warming the Channel and the dis. 
appearance of winter and spring frosts 
warming the East and North East winds blowing 
across the North Sea, the South of England 
below the line London-Bristol would ENjoy the 
same climate as the South Coast of Brittany 
The advantages to be gained by an agriculture 
as advanced as yours, as much in double annual 
cropping as in the production of forage Crops, 
in market-gardening and in fruit orchards, would 
have to be added to the balance-sheet of heating 
An incidental point of perhaps greater interes, 
to Londoners, is that an increase of winte 
temperature of 2 deg. or 3 deg. Cent. woul 
practically obviate the London fog. The “ smog,” 
as I discover it is called, is due to three factor 
namely (i) temperature a few degrees above 
0 deg. Cent., say 1 deg. to 4 deg. Cent, (jj) 
absence of wind and (iii) abundant smoke from 
a big town ; the first two only are necessary: 
the third encourages. If the mean January 
temperature is increased from 3-5 deg. to 
6 deg. Cent., the frequency of conditions favour. 
ing fog is so lowered as practically to disappear. 
The Financial Problem.—You evidently knoy 
the report of March 1960 of the Massigi 
Kirkpatrick commission of the Channel Tunne! 
Study Group, which defends equally the idea of 
tunnel and railway. I am unaware whether you 
know the contradictory report of the l'Union 
Routieré de France (54 Ave Marceau, Paris 8) 
entitled “‘ pour une liaison compléte 4 travers 


le Pas-de-Calais,” as complete as the first, which J 


defends the bridge and road. 

The first estimates the cost of its preferred 
solution, the tunnel exclusively for a railway, at 
1,475 million N.F., with returns growing from 
180 million N.F. in 1965 to 283 million N.F. in 
1980. The second estimates the cost of the 
bridge at 2,500 million N.F. with receipts growing 
from 181 million N.F. in 1965 to 568 million 
N.F. in 1980. However discordant the two 
evaluations, it can be concluded that both are 
economic, solely from the income from traffic. 

Now with the most modest evaluation of the 
economics of warming the four countries 
concerned, say 10,000,000 tonnes of coal saved, 
costing the consumer 120 N.F. per tonne, add 
to the 180 million N.F. returns for 1965, 1200 
million N.F. as the saving due to increased 
temperatures. Neither the production of tidal 
energy nor the benefits to agriculture are included 
in this estimate. It would scarcely be difficult to 
demonstrate an annual return equal to the cost 
of construction, and that from the start of the 
works, if one commenced with breakwaters 
extending obliquely from the coast. 

There is clearly no question of recovering from 
the people of France and Britain, still less 
Belgium and Holland, the saving in heating and 
supplementary production. The benefits to 
those in charge of the project will appear as tolls. 
Or it is also possible to specify generating plant 
largely designed for production of energy, for 
which advantageous prices could be reserved by 
the conceding states. 

If the solution of combining breakwaters in the 
shallower depths and a bridge on piers in the 
deeps were chosen, it would be no dearer than 4 
complete bridge. There is the example of dykes 
constructed in Holland over lengths and i 
depths which are comparable. 

CAMILLE ROUGERON 


Paris, 
February, 1961. 
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Materials for Advanced Steam 
Conditions 


By COMMANDER H. E. C. HIMS, R.N.* 


and S. H. FREDERICK, A.Met., F.1.M.* 


A paper entitled “* Materials for Advanced Steam Conditions and Their Influence 


on Operation of Marine Turbines and Boilers 


” 


was read on March 14 before the 


Institute of Marine Engineers by Commander H. E. C. Hims, R.N., and S. H. 


Frederick, A.Met., F.1.M. 


In Pari I of the paper the metallurgical problems 


associated with the selection of materials and their fabrication to meet the 
demands of advanced steam conditions was discussed, while in Part II the effects 
of such materials on operation of an installation were examined from the 


admission of steam to cooling down. 


HE Parsons and Marine Engineering 

Turbine Research and Development 
Association was formed in 1944, at which 
time the steam temperature of marine 
turbines then building was 750 deg. Fah. 
At present marine turbines are in service 
with steam temperatures of 950 deg. Fah., 
and a prototype turbine having a steam 
temperature of 1050 deg. Fah. is being 
manufactured for erection on the test bed. 

In this paper it is proposed to consider 
advanced steam conditions as applying to 
turbines and boilers designed to operate 
with steam temperatures above 950 deg. Fah. 
Some of the information comes from experi- 
ence with and consideration of the design of 
a newly installed boiler at Pametrada, 
which can provide 200,000 lb per hour of 
steam up to 1200 1b per square inch gauge 
and 1200 deg. Fah. The main boiler, giving 
selectable superheat by damper control, 
produces a maximum steam temperature 
of 950 deg. Fah. and this is raised to 1200 
deg. Fah. in a separately fired superheater 
in the same casing. Among other items the 
main steam range and emergency valve are 
all in austenitic steel. 


MATERIALS 


Requirements of Materials.—Materials selec- 
ted for the construction of turbines and 
boilers, regardless of steam temperature, 
must fulfil the following requirements :- 
possess mechanical properties which are 
adequate to meet the service conditions 
(N.B.); be capable of satisfactory and 
economical manufacture. 

The requirements of a metal to withstand 
stress at elevated temperatures are resistance 
to creep, and resistance to corrosion. The 
creep and corrosion resistance of many 
alloys are adequate at temperatures of 1200 
deg. Fah. in an atmosphere of air or steam 
but if exposed to contact with vanadium 
bearing fuel ash, early failure would result. 

Use of unfamiliar alloys may have to be 
considered, particularly if the rise in tem- 
perature is large, for instance from 950 deg. 
Fah. to 1050 deg. Fah. Before the designer 
can be convinced that a particular alloy will 
meet the service conditions in his new 
design he must have adequate data. Marine 
turbines are expected to have a life of 25-30 
years, but it is realised that if no alloy was 
used until 100,000 hour test data was availa- 
ble, progress would be slow, and therefore 
compromises must be made. 

With regard to the satisfactory and econo- 
mical manufacture of components for boilers 
and turbines, it must be realised that no 
alloy, however good its resistance to creep 
and corrosion may be, is of any commercial 
importance if it is :—so expensive as to 
result in the first cost of the machinery being 
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= Pametrada Research Station. 





Abstracts of the paper are printed below. 


too high to permit its recovery within its 
service life ; difficult if not impossible to 
cast, forge or weld. 


BOILERS 


With steam temperatures up to 950 deg. 
Fah. and 1050 deg. Fah. for superheaters 
and main steam piping respectively, low 
alloy steels such as 2} Cr Mo and Mo V have 
given satisfactory service in land turbine 
installations. 

With a steam temperature of 1050 deg. 
Fah. at the boiler stop valve it is not safe to 
assume that the metal temperature of the 
superheater tubes will be less than 1150 deg. 
Fah., and at such a level the low alloy steels 
possess inadequate resistance to scaling. 

The oxidation of superheater materials by 
high temperature steam was investigated by 
Hoke and Eberle. From Fig. | it will be seen 
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SCALE PENETRATION — INCH PER YEAR 
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Fig. 1—Effect of chromium additions to 4 to 14 per 
cent Mo steel on corrosion in air 


that for effective resistance to scaling at 
1150 deg. Fah. a minimum of 6 per cent 
chromium is required. Gemmill reported 
that to produce scaling resistance at 1150 deg. 
Fah. equivalent to that of a | per cent 
chromium-molybdenum steel at 1050 deg. 
Fah., between 7 per cent and 8 per cent 
chromium must be present. Unfortunately 
steels containing only 7-8 per cent chromium 
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and no other alloying element have poor 
creep resistance. 

Superheaters tubed with austenitic steels 
of the 18.12.1 Nb type are already in service 
and have been shown to have adequate 
resistance to scaling in both air and steam 
up to approximately 1500 deg. Fah. but 
above 1200 deg. Fah. their resistance to 
creep is poor. Esshete 1250 (16.10.6 Cr Ni 
Mn with small additions of Mo V and Nb) 
and FV 548 (16.12.14 Cr Ni Mo+ Nb equal 
to 10x C) developed by S. Fox and Co. and 
Firth-Vickers respectively show a marked 
increase in creep resistance over the 18.12.1 
Nb type. Up to 1300 deg. Fah. the rupture 
strength of these two steels in 10,000 hours 
is equal, if not superior, to that of some 
complex austenitics. 

The Nimonic alloys possess superior 
creep properties and a higher resistance to 
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Fig. 2—Comparison of various alloys on basis of 
rupture in 100,000 hours 


corrosion by vanadium bearing fuel oil ash. 
Attention is being given to the production 
of tubes in Nimonic 80A and 90 and “ weld- 
ing grades” of these alloys are available. 
The creep strength of these grades is inferior 
to that of the standard materials, but is 
reported to be not less than 70 per cent of 
published data. Further development is 
required both in production and fabrication 
before the use of Nimonic superheater 
tubes could be considered, and the need to 
give all welds a high temperature solution 
treatment followed by ageing in order to 
develop the optimum high temperature 
properties must not be overlooked. 

The nominal compositions of some auste- 
nitic steels and Nimonic alloys that may 
prove suitable for superheater tubes operat- 
ing with a metal temperature above 1050 
deg. Fah. are given in Table I, and their 
stress-rupture properties are shown in Fig. 2. 

Without adequate support a superheater 
tube would sag under its own weight and 
adversely affect both the efficiency of the 
superheater and tube life. The inability of 
present day materials to withstand the high 
gas temperatures and the attack of fuel oil 
ash to which tube supports and hangers are 
subjected has been recognised and Crancher 


TABLE |—Austenitic Steels for Superheater Tubes and Steam Pipes 
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pointed out that the long term solution is to 
reduce the severity of the working conditions. 
This has been achieved to a limited extent by 
the use of water cooled support tubes, and 
where it is not possible to employ cooling, 
the items are designed to be readily replace- 
able. 


Oil Fuel Ash Corrosion 


A serious problem is that of corrosion 
and fouling by fuel oil ash. Modern boiler 
oils contain, in addition to sulphur (3-0-5-0 
per cent), vanadium and sodium com- 
pounds which, following combustion, are 
present in the ash in the form of vanadium 
pentoxide and sodium sulphate. Ash 
containing these compounds has a com- 
paratively low melting point, of the order 
of 1200 deg. Fah., and when in contact with 
a metal accelerates corrosion by exerting a 
fluxing action on the oxide scale. 

The Corrosive Committee of the Council 
of British Manufacturers of Petroleum Equip- 
ment have recorded the results of a series 
of field tests in which heat resisting alloys 
were exposed to ash deposition in the 
superheaters of both land and marine oil 
fired boilers. The only alloy resistant to all 
deposits was the 26 per cent Cr ferritic steel 
which has little strength at elevated tempera- 
tures and is unsuitable for highly stressed 
components. Partial resistance to deposits 
containing a high percentage of vanadium 
was shown by alloys containing more than 
60 per cent Ni. This superiority of high 
nickel alloys is shown in Fig. 3, which is the 
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Fig. 3—Effect of temperature on corrosion by{synthetic 
ash 


result of recent tests with a 90 per cent 
V,O;-10 per cent Na,SO, synthetic ash. 

Darling reported that as the vanadium 
is present in the oil in organic form it cannot 
be removed by any simple means, but that 
corrosion can be suppressed by the use of 
additives. Oxides of magnesium, zinc and 
aluminium have been found to be effective. 
The problem of corrosion and fouling must 
be solved if marine turbines are to operate 
with advanced steam conditions, and also 
there must be found some means of producing 
a non-corrosive dry ash which can be readily 
blown off the tubes. 


MAIN STEAM PIPES 


Since the metal temperature of a steam 
pipe cannot exceed that of the steam, ferritic 
steels can be used up to a steam temperature 
of 1050 deg. Fah. at the boiler stop valve. 
The limited space in a ship does not permit 
the use of long loops in the piping as a means 
of ensuring adequate flexibility and in 





addition fixed points may move in such a 
way as to introduce bending stresses which 
cannot be allowed for. These conditions 
make it desirable to use pipes having the 
minimum wall thickness consistent with the 
allowable stresses at the maximum service 
temperature; thus it appears desirable to 
discontinue the use of the established ferritic 
pipe steels above a steam temperature of 
1050 deg. Fah. at the boiler stop valve. 

The first austenitic steel main steam ranges 
which went into service in 1948-1949 were 
fabricated from Type 347 and the joints were 
made using a Type 347 electrode which gave 
a weld metal with from 5-12 per cent ferrite. 
The welds were made with no preheat and 
initially no post-weld heat treatment was 
given. Within two years cracks developed 
in the heat-affected zone of the parent metal. 


TRANSITION JOINTS 


It is uneconomic to use austenitic steels 
throughout the superheater and main steam 
range, and joints between ferritic and auste- 
nitic tubes and pipes have to be made. When 
such a joint is subject to thermal cycling, 
high stresses prevail due to the differences in 
thermal expansion and conductivity of the 
two materials. Compared with ferritic steels 
austenitic steels have a 30 per cent higher 
coefficient of expansion and a 40 per cent 
lower thermal conductivity, and the object 
of a transition joint is either to reduce the 
thermal expansion stresses or ensure that 
they can be withstood without failure due to 
cracking. 

Service experience has shown that whereas 
numerous failures have occurred with tran- 
sition joints in main steam pipes, little 
trouble has been encountered with those in 
superheater tubes. There is little doubt that 
the success of the tube transition joints is 
due to their smaller mass and greater flexi- 
bility than is the case with thick walled large 
diameter pipes. Types of transition joints 
that have been successfully used for super- 
heater tubes in the United Kingdom are 
shown in Fig. 4. The transition joint is 
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Fig. 4—Transition joints using stabilised ferritic steel 


frequently made in the form of a short 
distance piece which is machined inside 
and out to remove all stress raisers and facili- 
tate inspection. To eliminate the possibility 
of failure due to stress corrosion in the 
decarborised zone of the ferritic member, 
the Babcock and Wilcox Company in the 
United States have used a protective overlay 
as shown in Fig. 5. An 80 per cent Ni 
20 per cent Cr electrode having a high 
resistance to oxidation and a coefficient of 
expansion midway between the ferritic and 
austenitic steels has given satisfactory results. 

Tucker and Eberle found that satisfactory 
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welds capable of withstanding cyclic 

ditions of temperature and stress could 
made by eliminating the high \e 
expansion stresses at the ferritic-austenig 
junction. By using an austenitic weld 

which has a high resistance to Oxidati 
combined with a coefficient of expansion 
approaching that of the ferritic  steg} the 
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Fig. 5—Transition joint with protective overigy 


thermal stresses are transferred to the 
austenitic-austenitic junction. This junction 
has a higher resistance to oxidation and 
creep. The most suitable electrodes wer 
found to be 50 per cent Ni 10 per cent Cr+Nh 
and Ta and Inconel B.P. 65. With a high 
expansion austenitic weld metal cracking 
occurred at the ferritic-austenitic junction 
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Fig. 6—** Kelcaloy ”’ transition joint 


which was attributed to stress-relaxation and 
metallurgical deterioration. The start of 
the crack resulted from the oxidation of the 
24 per cent Cr Mo steel. 

Transition joints may be divided into the 
following categories : 

1) Joints with intermediate coefficients of 





expansion—achieved by using electrodes 
AUSTENITIC STEEL FERRITIC STEEL 
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PE EAE J 











SeecaN 


Fig. 7—BabcockTand gWilcox transition joint 





depositing weld metal having varying thermal 
expansion characteristics, using a “ but- 
tering ’ technique. 

2) “* Cast” joints of the * Kelcaloy ” type 
were developed by the Kellogg Company in 
the U.S.A. and comprise a forged ferritic 
tube outside which is cast an austenitic tube. 
A scarf joint is obtained as shown in Fig. 6. 

3) Mechanical interlocking joints of the 
type shown in Fig. 7. Such joints would not 
be suitable for thick walled main steam pipe. 

4) Flanged joints of the Mannesman 
type—Fig. 8. In this type of joint a flexible 
element is welded in between an austenitic 
and ferritic flange. The swivel mounting of 














Fig. 8—Mannesman flanged joint 
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flange bolts permits differential move- resulting from which is the recent delivery 
the t between the two flanges which occurs of a G.I8B forging to Westinghouse, Phila- 
q result of the greater expansion of the delphia, for a 1200 deg. Fah. h.p. steam 


as turbine. This rotor has a maximum body 


austenitic flange ; - 4 . : 

A“ cast” joint which has been developed diameter of 20in and will operate with a metal 
h Jessop-Saville, Sheffield, utilises vacuum temperature of 1135 deg. Fah. This steel 
y A composite electrode appears to be particularly suitable for h.p 


melting techniques. — . : : 
js made UP by welding two pieces of steel turbine rotors operating with a_ metal 
s ? 


together SO that one end is ferritic and the temperature of 1200-1250 deg. Fah. at which 
other austenitic The electrode is then level, provided a creep strain of 0-5 per cent 
vacuum arc melted into a large diameter could be accepted, a working stress of 4-5 tons 
ingot which has a gradual ferritic-austenitic per square inch is permissible. The rupture 
transition zone. The final operations consist ductility of G.18B increases with time and at 
of boring and forging by becking out on a 20,000 hours the percentage elongation at 
mandrel. ; a ay fracture at 1200 deg. Fah. is above 10 per cent. 
Direct butt welding of ferritic to austenitic Experience with the solid drum _ type 
steels has given satisfactory service parti- austenitic rotors of the Pametrada marine 
cularly with superheater tubes, but it is gas turbine has shown that, under conditions 
essential to remove all internal and external of repeated temperature fluctuations of the 
notches by machining. At present it is order of 400 deg. Fah., thermal stresses as high 
considered desirable by some authorities to as 40 tons per square inch could develop, 
heat electrically all transition joints in main reversing at service temperature to at least 
steam pipes during temporary shut-downs, 8 tons per square inch residual tensile stress. 
to maintain a temperature of not less than On cooling, the elastic tension stresses would 
750 deg. Fah. build up to around 27 tons per square inch at 
HiGH PRESSURE TURBINES a 7 a — vemepannscr ggg 
; “oe ne formation of inter-crystalline cracks 
by" sear - ae bo ects tae which were discovered oer total running 
ee : a time of 1182 hours, 550 at 1180-1200 deg. 
se far more difficult metallurgical prob- >, . we soon % laa 
- than those encountered in the turbine rie sg oo parr pel ng 
itself. Were it not for the existence of alloys stress concentrations at the base of the 
originally developed specifically for gas balancing holes and in the corners of the 
turbines, the problem of material selection  pjade root grooves and entry gates. Failure 
would be formidable, but many factors not wag attributed to a combination of creep and 
common to both types of turbine must be thermal fatigue, the low creep ductility of the 
taken into consideration. The two most material being a contributory factor. 
important are : expected life of the machi- This incidence of cracking of austenitic 
nery, and size of the individual components. rotors is reported because the operation of 
A marine turbine is expected to have a life marine turbines also involves frequent tem- 
of from twenty-five to thirty years and it perature fluctuations. In the absence of 
must operate at full power for most of the sufficient information on the level of creep 
time. Long time creep and stress-rupture ductility it is considered essential to select 
data are therefore essential. austenitic steels having a high creep ductility, 
The difficulties introduced by the much and to reduce thermal stresses by the use of 
larger size of steam turbine components are — pached rotors of the smallest possible size. 
confined to rotor shafts and cylinder castings, 






and have already been encountered in the ae aR | > 
construction of large land based gas turbines. STAINLESS IRON 

Rotor Shafts.—It does not follow that 7}—+Mo. AND V. 
because the steam temperature demands the t 10— 13 %Cr. 


pe . ° ++ Mo. V. AND Nb 
use of austenitic steel for the main steam 6 } 
range between boiler and h.p. turbine, it 
must also be used for the h.p. turbine rotor 
shaft, for the drop in’ steam temperature 
through the first stage nozzles can be as 
much as 100 deg. Fah., with a corresponding 
reduction in the maximum metal temperature 
of the rotor shaft. Thus it will be seen that 
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STAINLESS IRON 


STRESS — TONS PER SQ. IN. 
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austenitic shafts are not essential until the 2 | | 
steam temperature at the h.p. turbine inlet 
is of the order of 1150 deg. Fah. , | | | r \ | | 

Both | per cent Cr Mo V and 3 per cent t A 
Cr Mo V W steels have been used for h.p. P r= ieee panel boa 
turbine rotors in land turbine installations in 800 900 1000 —S—é«‘CS 
the United Kingdom, and the former steel TEMPERATURE °F. 
has been selected for the Pametrada, 1050 deg. fig. 9—Stress temperature curves for ferritic blade 
Fah. prototype marine turbine. The nominal steels : 0-1 per cent creep in 100,000 hours 
compositions of these steels are given in 
Table Il. The maximum temperature at Turbine Blading.—I\n marine h.p. steam 


which such steels could be used is limited by turbines to Pametrada design, all blading is 
their inadequate resistance to scaling above manufactured from stainless martensitic 
1075 deg. Fah. and by their relatively poor steels. Thirteen per cent Cr stainless iron is 
creep resistance above 1000 deg. Fah. used up to a temperature of 900 deg. Fah. 

The first large rotor forgings to be made in and by the addition of molybdenum and vana- 
austenitic steels were for land and marine dium the maximum service temperature can 
gas turbines. Considerable experience has _ be raised to 950-975 deg. Fah. The more 
been gained in the production of large complex 13 per cent Cr steels containing 
forgings in G.18B for land based gas turbines, molybdenum, vanadium and niobium, such 


TaBLe Il-—Ferritic Steels Used for H.P. Turbine Rotor Shafts with Maximum Steam Temperature of 
1050 deg. Fah. 


c | sil mn | si] Pp Ni Cr | Mo Vv w 


ipercentCr.MoV ..._ ... 0-17/0-25 | 0-35 | 0-40/0-70| 0-05 | 0-05 | 0-50 |0-70/01-20| 0-50/1-00| 0-25/0-35, — 
3 per cent Cr. Mo V W 0-15/0-25 | 0-50 | 0-70 | 0-04 | 0-04 | 0-50 |2-5/3-5 | 0-40/0-7 | 0-60/0-90, 0-40/0-70 
| | | 
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as F.V. 448, H.46 and Jethete M160, extend 
the temperature range of martensitic steels 
up to approximately 1025 deg. Fah. The 
creep strength of these steels at 100,000 hours 
is shown in Fig. 9. 

The addition of alloying elements to the 
13 per cent Cr martensitic steels is accom- 
panied by an increase in hardenability and 
U.T.S. In the hardened and fully tempered 
condition the U.T.S. of some of these steels 
is in the 55-65 tons per square inch range and 
at this level attaching the shroud strip by 
riveting is no longer practicable. For this 
reason Pametrada has developed a method 
which eliminates the need for the riveting of 
the blade itself by employing integral-shoud 
blades in the tip of which slots are machined 
to take a radial sealing strip as shown in 
Fig. 10. 

Regardless of blade stress it is considered 
desirable to avoid the use of a blade which 
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Fig. 10—Method of batching integral shrouded blades 


has thermal expansion characteristics widely 
dissimilar to those of the rotor, in order to 
avoid complications regarding root fixing. 
Therefore, at whatever temperature it is 
deemed necessary to use austenitic steel rotor 
shafts, austenitic steels and high nickel- 
chromium alloys must be used for the blading. 
The maximum metal temperatures at which 
some of these materials are considered 
suitable for blading are given in Table III. 


Tasie I1l— Materials Suitable for Turbine Blading at 
Temperatures above 1000 deg. Fah 


Maximum service 
Material temperature deg. Fah 


18.12.1 Nb 1200 


Complex Austenitics ) 
Nimonic 80A | 1200-1500 
Nimonic 90 f 


H.P. Turbine Cylinders.—Steels used for 
turbine cylinder castings are of similar 
compositions to those used for rotor shafts 
but above 1050 deg. Fah. it is necessary to 
consider the use of austenitic steels in order 
to ensure adequate resistance to scaling and 
creep. Austenitic steels of the 18.12.1 Nb 
type have already been used for cylinder 
castings with steam temperatures of | 100 deg. 
Fah. and would probably be acceptable up to 
1200 deg. Fah. Above this temperature 
complex austenitics will be required and more 
information regarding the long time creep 
properties of cast materials is urgently needed. 
In view of the occurrence of casting defects, 
it would be unwise to select a steel for 
advanced steam conditions solely on the basis 
of its high temperature properties ; weld- 
ability is of equal importance. 

Turbine Cylinder Joint Bolts.—Cylinder 
joint bolts operate under conditions of 
constant temperature and strain with the 
initial tightening stress decreasing with time 
due to creep. The suitability of steels for 
bolting applications is therefore determined, 
not by creep tests, but by stress-relaxation 
tests. The bulk of published data on the 
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stress-relaxation properties of bolt steels has 
been obtained from tests where the initial 
strain was 0-15 per cent and the time to 
relax to an arbitrary stress—usually 5 tons 
per square inch—is recorded. 

In practice the tightening stress can be 
accurately controlled by heating the bolt so 
that the nut can be freely turned through a 
pre-determined angle prior to allowing the 
bolt to cool down to air temperature. The 
tightening stress is obtained as a result of the 
thermal contraction of the bolt, and in 
order to enable a high stress to be applied the 
steel must have a high proof stress at both 
ambient and elevated temperatures. Addi- 
tional requirements are a high impact strength 
to withstand shock loading and freedom from 
embrittlement after prolonged exposure at 
elevated temperatures. 

One per cent Cr Mo steels have been used 
up to a temperature of approximately 900 deg. 
Fah. and martensitic steels are now available 
for service at temperatures up to 1050 deg. 
Fah. Under service conditions, since tur- 
bines must be opened up for inspection, a 
bolt will be subjected to repeated re-loadings, 
and laboratory tests have shown that a 
substantial improvement in relaxation pro- 
perties occurs after the second re-loading. 
Progressive deterioration finally sets in and it 
is recommended that the number of re- 
loadings be limited to six. 

The nominal compositions of the marten- 
sitic bolt steels are given in Table IV. Avail- 
able stress-relaxation data suggests that with 
the | per cent Cr Mo V steels, relaxation 
from an initial tightening stress of 20 tons per 
square inch to 4-5 tons per square inch at 
1050 deg. Fah. may be expected in approxi- 
mately 10,000 hours. 

Above 1050 deg. Fah. improved relaxation 
properties can be obtained with austenitic 
steels and nickel-chromium alloys of the 
Nimonic type, and some of these materials 
could be used up to temperatures of 1300 deg. 
Fah. The use of a bolt steel having a lower 
thermal expansion than the turbine cylinder 
would result in some degree of self tightening 
on warming through, and due allowance for 
this would need to be made when selecting 
the appropriate tightening stress. 

The use of materials which exhibit low 
rupture ductility must be undertaken with 
caution, and the total strain in the life of a 
bolt must be limited to ensure that fracture 
due to creep does not occur. Some authorities 
recommend that a bolt should be scrapped 
when the total strain exceeds 0-5 per cent. 


OPERATION 


The present day designer has been able to 
improve reliability and reduce the mainte- 
nance effort by making use of many new 
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Fig. 11—Measured and calculated ovality of exhaust end of h.p. inner casing 


all such materials when they have reached a 
service life covered by existing creep tests. 

The Boiler—Whatever may be the final 
steam temperature produced by a marine 
boiler it is unlikely to have any direct effect in 
the normal steam generating part of the 
boiler. Closely controlled combustion is 
desirable and the method of control of final 
steam temperature when materials have only a 
limited safety margin must be such that large 
oscillations are avoided, any increase of 
temperature over the designed maximum 
reducing the “* safe life ’’ of the material. 

The main problem connected with the boiler 
is the presence of vanadium in the fuel ash 
and it is one that calls for a cure, as it does 
not seem preventable and the alternative of 
using a vanadium free gas oil is not economic. 
The effects are felt most on the superheater 
tubes and supports and the latter can be water 
cooled or treated as expendable where cooling 
is not possible. The outer tube surfaces 
must be at a higher temperature than the 
steam for heat flow to take place and corro- 
sion may be expected above the temperature 
corresponding to the melting point of the 
fuel ash, which is reduced by the presence of 
vanadium compounds. Corrosive attack on 
the tubes is not significant below this ash 
melting point, but laboratory work has shown 
that above it, physical contact with molten 
ash is not necessary for the attack to take 























materials available, and as required by the place; the vapours are sufficient. The 
TABLE 1V—Martensitic Steels for Cylinder Joint Bolts 
N 1 p 
Service temperature deg. Fah. | C | Si | Mn | Gr | Mo | Vv 
liga ---| 0350-45 | 0-10/0-35 | 0-40/0-70 | 1-O/1-S ; 9-50/0-90 | 
950 .. "] 0-30/0-45 | 0:10/0-35 | 0-40/0-70 1-0/1-5 0-50/0-90 0-20/0-30 
1050 | 0 10/0-25 | 0- 10/0: 35 0-75 max. 0-90/130 0-85/1-10 | 0-60/0-80 


necessity for withstanding stress under high 
temperature conditions. As indicated in the 
first part of the paper, a requirement is not 
considered to have been met if the cost is 
out of all proportion, whether expressed in 
terms of money or operational limitations. 
The designer must be conservative in selecting 
such materials because he cannot be sure 
of a new material so far as creep strength is 
concerned without information from a test 
that must last as long as the expected life of 
the machinery. The alternative is to replace 














‘vanadium compounds, mainly vanadium 
pentoxide, destroy or prevent the formation of 
the normal protective scaling on the metal 
surface, thus leaving the way clear for the 
action of sodium and sulphur compounds. 
The theory has been advanced that the 
intensity of the corrosion attack on super- 
heater tubes varies with the proportion of 
vanadium as V,O, in the fuel ash. Work on 
this investigation has been carried out up to 
1350 deg. Fah. and with 42-5 per cent V,O; 
in the ash. Such evidence, however, does not 


alter the fact that corrosion of superheater 
tubes takes place above a certain temperature 
when vanadium is present in the fuel. A 
measure of success has been achieved by the 
use of additives to produce a dry friable ash 
that is carried through to the stack with the 
combustion gases. The aim is not only to 
prevent corrosion but to prevent the formation 
of slag deposits, known as “ birdsnesting,” 
stated to be due to sodium compounds 
introduced with the fuel and which is made 
worse by the presence of vanadium. 

Apart from the general disadvantages of 
deposits on superheater tubes, local failures 
have been known to take place, apparently 
due to the increased firing rate necessitated 
by the presence of the deposits causing 
overheating of any clean spots. For the 
boiler therefore, above a certain steam 
temperature of the order of 1050 deg. Fah. 
we have a problem that cannot be solved 
completely at present. 

Steam Piping —Modern steam piping is 
designed so that stresses are reduced to 
acceptable limits, having particular reference 
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Fig. 12—Inner casing temperature and movements 
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Fig. 13—H.p. turbine bear- 
ing assembly movements 
on Trial No. 4 
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to the portion of piping immediately adjacent 
to the fixed points, which may vary in their 
degree of fixation. Great progress has been 
made since the days of the heavy asymmetrical 
castings in way of such items as bulkhead 
and manoeuvring valves. Modern gaskets 
enable a joint to be made with the strong 
probability of its remaining tight. Above 
the temperature range of the gasket, seal 
welded joints or butt welded pipes can be 
employed. In these higher temperature 
ranges creep strength and resistance to 
scaling must be considered in choosing the 
material, and above about 1050 deg. Fah. 
the necessity for austenitic pipe material 
introduces special problems of its own. 
These may be considered first in the design 
stages of the pipework, where the extra 
30 per cent on the coefficient of expansion as 
compared with ferritic material calls for the 
provision of more flexibility, and the implica- 
tions of this include the provision of more 
material that is very expensive. 

For joining lengths of such piping, butt 
welding is the most suitable method from all 
viewpoints. If it is essential to provide 
flanges for some joints, it merely doubles the 
number of welds. The provision of any sort 
of inserted joint between two flanges, one 
austenitic and one ferritic, introduces the 
problem of coping with the different co- 
efficients of expansion. From a study of the 
technical press, it is clear that finality has 
not yet been reached in any welding process 
including welding austenitic steam piping. 
Early experience involved a large proportion 
of renewals of welded joints and some repairs. 
Since these early experiences, results have been 
more satisfactory and manufacturers can now 
put forward such a system with confidence. 

One disadvantage in using austenitic 
piping is that the rate of change of tempera- 
ture must be kept low, a point which 
in a peak load plant or a trials plant 
can be a nuisance. The Pametrada plant is 
limited to a rate of 10 deg. Fah. per minute, 
both when heating and cooling. The reason 
for this is that above a certain heating or 
cooling rate cracks are likely to be found in 
the welds, adjacent to the welds, or in the 
piping remote from the welds. This is partly 
due to the comparatively large coefficient 
of expansion and also to the comparatively 
low thermal conductivity. 

Considerable experience of this problem has 
been obtained at Pametrada with the gas 
turbine rotors where both experiment and 
calculation indicated that rate of change of 
temperature and not the highest temperature 
reached was the cause of cracking. This 
experience was associated also with extreme 
difficulties in crack detection. The material 
being non-magnetic precluded the simple 
approach with a magnet and a fluid loaded 
with iron powder. Ultrasonics were con- 
sidered but with little prospect of reliable 
results, and the only practicable method was 
the use of a fluorescent fluid and ultra-violet 
light. This worked satisfactorily on all the 
cracks already located with the naked eye 
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but showed up nothing else. Following a 
decision to scrap the rotors concerned it was 
possible to investigate further by cutting out 
sections of the metal mechanically, and many 
more cracks were found. There have been 
instances of cracks in austenitic steam piping 
failing to show up under X-rays, the emission 
of steam being the first sign of their presence. 

On the subject of designing steam piping, 
reference has been made to uncertainty 
regarding the degree of fixation of a fixed 
point. This was illustrated when the offtake 
from a boiler was sited approximately over 
the single fixed supporting foot and in 
calculations the assumption was made that 
the offtake was fixed in the horizontal plane, 
allowance being made for the fact that the 
boiler steam drum would lift when steam was 
raised. Due to an apparent tilting of the 
boiler with increase of temperature, the 
movement in the horizontal plane was about 
34in ; it is thought that such measurements 
taken in a number of ships might be revealing. 

At the other end of the same steam line, a 
“cold pull up ” of 6jin was provided axially 
and a smaller one laterally, with reference 
to a fixed point. At the end of something 
under 2000 hours steaming the relevant joint 
was broken and the cold pull up had com- 
pletely disappeared. A great deal of attention 
is being paid to the question of cold pull up, 
and it would be of increased importance when 
considering materials with higher coefficients 
of expansion. The use of such materials 
means that close attention must be paid to 
pipe supports. Errors in positioning and types 
of hanger have been responsible for a number 
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of troubles with ferritic piping. This refers 
particularly to the hanger where friction is so 
considerable that, once deflected against the 
spring, the hanger remains in the deflected 
position. A point when dealing with steam 
temperatures of the order of 1200 deg. Fah. 
is that the normal insulation between the 
pipe and its hanger is not strong enough for 
any reasonable load at this temperature and 
it is only possible to separate the two with 
mica or some similar material. 

Turbines.—Thermal distortions of turbine 
casings and possibly rotors over a given cycle 
of operation will be greater as the steam 
temperature is increased. It is the object of 
the designer to provide clearances between 
static and moving parts so that these parts do 
not come in contact during the worst dis- 
tortions, transient or steady, and yet permit 
only the minimum amount of steam to pass 
from stage to stage or through the glands 
without doing work. 

Measurements of distortion made at 
Pametrada have shown close correspondence 
with theoretical estimates of their magnitude, 
but there is still a great deal of work to be 
done on different forms of turbine, work that 
can only be done on a turbine under load, 
with something like the full quantity of steam 
passing. The transient distortions occur 
when warming through and changing power, 
and particularly when manoeuvring. Whether 
or not transient distortions are more 
important than the steady ones associated 
with a given power appears to depend on 
shape and constructional details of the 
turbine casing and to some extent on size, 
but turbine casing distortions cannot be 
avoided and are not in general of importance. 
unless they result in contact of fixed and 
moving parts. There is a lot to be said for 
allowing a turbine, under controlled condi- 
tions, to form its own optimum clearances by 
rubbing in glands and diaphragms to increase 
clearances made deliberately too small. 

To assist in the appreciation of the magni- 
tude of the casing distortions referred to 
above, Figs. 11 to 14 give the results of 
measurements on a double casing h.p. turbine 
of Pametrada design. 

Rotors.—Distortion of turbine rotors is 
generally avoidable and to avoid it the aim 


LIFT OF FOR’D. BEARING BEAM _ 


RELATIVE TO PLATES 


























































































































>» -5 LUFT OF AFT BEARING BEAM 
° ' ' : : ' ' ' ' RELATIVE TO SIDE PLATES =! 
} H ‘ ! i i i ; ' ; ' H H i i i i 
0 +5>-— {jf ___f- 
> LIFT OF AFT GLAND RELATIVE 
g 0 - —, TO BEARING 
— of oe eee —_ a 
Po ——— _— 
-10 T OF FOR’D. GLAND RELATIVE 
1S | TO BEARINGS | 
- T T 
1 1000 1 1020 | 1040 1 100 | 120 | 140, 1200 | 1220 1 1240; 1300 
| ! ! ‘ ! i ' ‘ i 
STEAMTO STEAMTO INCR. STEADY! {NCR | : a. 
GIANDS NOZZLES LAD} 10% | LOD | Se fen ! ; ; 
: H H ' ‘ ' 1 ' ' ! ' 
+5 = — r de |} LIFT OF APT BEARING BEAM | 
0 ; a ee "a “P= RELATIVE TO SIDE PLATES : 
Jap — = 
~5I ' : ' H H : LIFT OF FOR'D. BEARING BEAM ~~! 
' 9 ' j : ; } ; RELATIVE TO SIDE PLATES 1 


+ 


wn 





INCHES x 1073 
dy 


od 
as 


11°20 










UFT OF AFT GLAND 
TO BEARING 


LIFT OF FOR'D. 
RELATIVE TO BEARINGS 


13:00 


12:00 


11°40 12:20 12°40 


TIME — HOURS, MINUTES. No. 4. 


10°00 10-20 10-40 11-00 
LuB. M GLAND STEAM = MAN’V'G. VALVE —_ TESTED 
ON ON OPEN EMERG'Y. 


TRIP 


{ 


=r 


SPEED FULL POWER 


Fig. 14—H.p. turbine distortions on Trials 3 and 4 
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should be to turn a rotor continuously all the 
time that steam is on the turbine, so that 
it is heated evenly. A rotor distorted often 
returns to its original shape during a period 
of low power running, but it is also possible 
for a heavy gland contact to result, with the 
consequent local heating causing a permanent 
bend in the gland spindle. Such a defect has 
arisen from opening out steam to a gland 
system that has not been properly drained, 
and so discharging comparatively cold water 
into the glands. 


WARMING THROUGH 


As the modern boiler has a controllable 
range of steam temperature, warming through 
neéd not be affected by the full power tem- 
perature. 

Should the temperature of the steam 
available be higher than normal it is not 
anticipated that difficulties will arise if the 
correct procedure is followed. This assumes 
the presence of a by-pass on the manoeuvring 
valve, permitting the admission of a desired 
quantity of steam through the nozzles, 
without the use of gland steam or vacuum 
until the turbines have reached their target 
temperatures. Gland steam at the least gives 
rise to local heating in way of the glands and 
possibly at the top of each end of the casing, 
while any form of gland steam passage 
formed in the turbine casing is an invitation 
to distortion. 


COOLING Down 


While the transient distortions of cooling 
down will be of lesser magnitude than those 
occurring while warming through, all dis- 
tortions will be of importance if there should 
happen to be a sudden call to use the engines 
within a few hours from receiving the 
‘* finished * signal, while some uncontrolled 
distortions could become permanent in very 
high temperature sets. It must be borne in 
mind that the initial steam temperature of a 
modern installation and possibly the first 
stage temperature will be above the melting 
point of the bearing white metal. A lesser 
temperature will serve to oxidise small quan- 
tities of oil that are stationary. The above 
remarks point to the necessity for turning 
engines continuously and circulating lubri- 
cating oil until safe temperatures have been 
reached. 

CONTROL AND INSTRUMENTATION 


The basic reliability of automatic controls 
is now well established, and the first cost of 
such equipment is soon recovered. There is, 
however, a case for an improvement in the 
general standard of instrumentation § of 
marine machinery. The inaccuracies shown 
to be common by test bed experience indicate 
that the situation is much worse than is 
generally supposed. 


CONCLUSIONS 


Any assessment of the net gain due to the 
use of increasingly high temperature steam in 
turbines must take into account first cost, 
reliability and the maintenance effort. 

Materials are the principal obstacle to 
continued increase of steam temperature, 
affecting all three of the above factors, and 
above certain limits making any useful 
increase impracticable in the light of current 
knowledge. In particular a_ solution is 
required to the vanadium problem as 
affecting superheater tubes: either a new 


material or the elimination or rendering 
harmless of the vanadium compounds. 

Bearing in mind the progress in materials 
during the last thirty or so years, there does 
does not appear to be any need for a pessi- 
mistic outlook. 
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HE tenth Electrical Engineers Exhibi- 

tion is to be held at Earls Court, London, 
from March 21 to 25 inclusive. It will be 
opened at noon next Tuesday by Mr. F. J. 
Erroll, the Minister of State, Board of Trade. 
This exhibition is organised for the Associa- 
tion of Supervising Electrical Engineers, by 
Electrical Engineers (A.S.E.E.) Exhibition, 
Ltd. Admission is by ticket and the hours 
of opening are from 10 a.m. until 7 p.m. 
(Wednesday, until 9 p.m.). 


COMMUNICATIONS DISPLAY 


Displays by the General Post Office 
(London Telecommunications Region) and 
by the British Transport Commission (Stand 
Z17) will constitute the ‘“ Communications 
Feature ’’ which dominates this year’s exhibi- 
tion. The G.P.O. exhibit, designed to 
emphasise current technical developments, 
will include continuous “ live ** demonstra- 
tions of the speed and efficiency of the 
United Kingdom “ Telex ” services, which, it 
will be recalled, were made fully automatic 
by the end of last year. ‘“ Telex” services 
will be available for the use of exhibitors 
and visitors during the exhibition. Sub- 
scriber trunk dialling will also be demon- 
strated, together with a magnetic drum for 
data storage, and associated equipment. It 
is proposed to give a working demonstration 
of an amplifier as used with a 960 Mc/s 
receiver capable of accepting signals re- 
flected from a_ satellite. A parametric 
amplifier will be demonstrated and there will 
be a static display of 8mm waveguide com- 
ponents. Other exhibits will include plastics- 
insulated cables, lightweight submarine 
cables, and submarine repeaters. Buried 
transistorised repeaters and a small tube co- 
axial cable will also be shown. To illustrate 
the efficiency of these cables it is proposed to 
transmit lantern slides over 7 miles of co- 
axial cable. 

The British Transport Commission will 
show examples of modern railway signalling 
and telecommunications equipment designed 
to reduce maintenance. The main exhibit 
will be two interlocking control panels and a 
model railway system of about I8ft by 15ft 
forming inner and outer circles and two 
double junctions. Control of this model 
system will be effected by route-setting from 
an adjoining signalbox. One junction will be 
controlled by an orthodox relay system and 
the other by an electronic method of inter- 
locking which is shortly to be installed as a 
prototype on British Railways (as described 
in THE ENGINEER, December 16, 1960). 
Besides the signalling control panels and the 
mimic track diagram in the signalbox, the 
display will include a simplified form of train 
description and telephonic equipment. 

A short length of full size permanent way, 
complete with ballast and including a set of 
electrically controlled points, will be built 
below the model railway. Colour light 
signals will be installed near the track to 
demonstrate four-aspect signalling. In asso- 
ciation with this group of exhibits there will 
be a demonstration panel of British Rail- 
ways’ standard automatic warning system, 
together with full-size inductors fitted on the 
permanent way. 


MANUFACTURERS’ EXHIBITS 


More than 470 British electrical manu- 
facturers will be showing examples of their 


products. Unquestionably the most Spectacu- 
lar of these exhibits will be a large movin 
coil meter—no one is likely to question the 
claim that it is the largest in the world—it has 
a scale more than 20ft long and an aluminium 
pointer 5ft long. With these dimensions the 
instrument (mounted on the first floor by the 
Warwick Road entrance of the exhibition 
hall) should be easily readable from a distance 
of more than 100 yards. It will be a working 
instrument connected up to indicate the 
total electrical load imposed by the exhibi- 
tion as a whole : the scale will be calibrated 
from 0 to SMW and it is expected that the 
normal reading will be about 4MW. The 
total weight of the instrument movement 
will be more than 3 cwt., about one-tenth 
of which will be in the magnet. The move- 
ment and dial were designed and built by 
Nalder Brothers and Thompson, Ltd. To 
operate the instrument a special current trans- 
former will be connected to the maia supply 
intake to Earls Court from the London 
Electricity Board’s distribution system. 
The more conventional exhibits effectively 
cover the distribution of electricity and its 
use in industry, commerce and the home. 
A few of these exhibits are described below. 


ENGLISH ELECTRIC COMPANY Ltb. 


Two interesting automatic control systems 
using transistorised logical elements will be 
shown (stand MII) by the English Electric 
Company, Ltd., Strand, London, W.C.2. 
They are compact and easily maintained. 

The first is a new design of sheet metal 
classifier—a quality control system for sorting 
sheared sections of cold strip and rejecting 
defective sheets containing faults such as 
pinholes, off-gauge material and poor surface 
finish. This sheet classifier uses standard 
**Datapac”’ transistorised logical elements to 
store relevant information about strip quality, 
obtained at the time of inspection, and uses 
this information when the sheet is cut and 
ready for sorting into piles. From these 
standard elements a sheet classifier system of 
any size and complexity can be built, for a 
line of any speed and with cut length ratio 
of as much as 10/1. The first units will 
shortly be installed on No. 5 cut-up line at 
the Abbey Works of the Steel Company of 
Wales, Ltd., and on two cut-up lines at 
Richard Thomas and Baldwins, Ltd., Ebbw 
Vale. That at the Abbey Works will be ona 
steel line operating at 700ft per minute with 
cut leagths ranging from 40in to 180in. 
Sorting will be into rejects and prime sheets. 
On two tinplate lines at Ebbw Vale, both 
operating at 1000ft per minute and with cut 
lengths ranging from 18in to 42in, sorting 
will be into four piles : sheets with pinholes, 
off-gauge material, other rejects, and prime 
sheets. 

A simplified working model of this system 
will be shown. The “ Datapac” standard 
logical elements are in the form of standard 
plug-in packages. Each package contains a 
number of elements capable of performing 
a specific logical function e.g. shift register, 
“and” gate, store, &c. Each element can 
operate from the output of the preceding one 
so that a series of elements can be made up 
to form any desired logical system. Faults 
detected by the instruments are stored in the 
first shift register at a point corresponding 
to the instrument position. Shift pulses 
timed to the conveyor movement are applied 
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to the register so that the fault signal moves 
within it, in step with the movement of the 
faulty section of strip on the shearing line. 
The signal !s transferred from the register 
to “store |” when the fault passes the shear 
position. This then indicates that the next 
sheet to be cut is a reject. 
~ When a sheet is cut this fact is detected by 
a device which causes the signal to be trans- 
ferred from “* store |” to “ store 2,” indica- 
ting that the last sheet cut is reject. The 
leading edge of this reject sheet is now detec- 
ted by one of the leading edge detection 
photocells and transferred to a_ suitable 
sition in the second register. The signal 
of the reject sheet is then shifted within the 
second register so that it appears at a reject 
gate just before the leading edge of the sheet 


TRAVERSERS 
DRIVING MOTOR 





units can easily be replaced. Systems of any 
size and complexity can be built. 

A model mine car circuit controlled by 
full-size equipment with the exception of 
miniature proximity sensing devices will be 
demonstrated. The mine car circuit is 
typical: it consists of a tower-mounted 
friction winder with balanced two-deck 
cages (each cage holding one mine car), 
*fulls ** and “ empties’ traversers, tippler 
and rams, as shown diagrammatically in 
Fig. 1. When a full mine car has been wound 
to the surface it is rammed out of the cage 
by a ram which pushes forward an empty 
mine car. As the cage descends with the 
empty car, the full car gravitates on to a 
traverser trolley. This is driven up a slight 
incline so that the car can gravitate off the 
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No. | cage in line. 

Car on No. | ram 

-Bogie in line with No. 1 track 
Car clear of No. | cage. 

Car from No. | cage on bogie 
Car from No. 2 cage on bogie 
Bogie in line with tippler 

Car on arrester 
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10--Car clear of bogie 

11 —Car in tippler 

12—-Tippler in line 

13—-Tippler partially rotated, 
14—No. 2 cage in line 

15—-Car on No. 2 ram 

16—-Bogie in line with No. 2 track 


17.—Car clear of No. 2 cage 


Fig. 1—Layout of a typical mine car circuit controlled by ‘‘ Unistat ’’ transistorised logic elements— 
English Electric 


reaches the gate. The signal is used to prime 
the gate control to reject the sheet when its 
leading edge reaches the gate photocell. 
Two leading edge photocells are used after 
the shear to cover the range of sheet lengths 
used : one is used for short sheets, the other 
for long sheets ; either is suitable for sheets 
of medium length. Selection of the photocell 
is automatically done by the shear cut length 
setting. Normally mechanical reject gates 
are used but more complex methods such as 
overhead magnetic conveyors with variable 
drop off points for the piles can be operated 
with the new system. 

The second exhibit mentioned concerns 
a new fully-automatic control system for the 
mining industry. It is designed for handling 
material at the surface: removing mine 
cars from a cage, emptying and returning 
them completely automatically. 

For the control and sequencing of all 
operations transistorised logical elements and 
contactless sensing devices from the “ Uni- 
stat’ range of static equipment are used. 
When maintenance is necessary standard 


trolley and into the tippler. The tippler 
turns the car through 360 deg., emptying its 
contents on to a conveyor belt or hopper 
underneath. The car, now empty, gravitates 
on to the trolley of the “ empties ” traverser, 
is again driven up a slight incline to a point 
directly opposite the cage it has to enter, 
gravitates off and is rammed, to complete 
the circuit. There are several cars in the 
circuit simultaneously and each is subjected 
to the sequence of operations described 
above for one car. Any car must eomplete 
an operation in a section of the circuit before 
another can enter that section. For reliable 
interlocking the positions of the mine car 
are detected by proximity heads. These 
contactless sensing devices detect the presence 
of a ferrous material within their operating 
zone. The signal produced by the head is 
then fed into the “* Unistat”’ transistorised 
logical elements and these elements are 
responsible for the sequencing and control. 
The output from the logic is then amplified 
further and this signal is used to operate the 
motor starter, solenoid or contactor. 


41) 


ARMSTRONG WHITWORTH EQUIPMENT, 
LTD., AND BLACKBURN ELECTRONICS, Ltp. 


A new digital data handling system 
designed mainly for commercial requirements 
in the gathering, transmitting and recording 
of large amounts of information is being 
shown by Armstrong Whitworth Equipment, 
Hucclecote, Gloucester, (Stand W7). Basi- 
cally this system is built up of plug-in logic 
elements and is capable of transmitting 
channels of information (the number of 
channels being virtually unlimited and depen- 
dent on customer requirements), each channel 
consisting of fifteen digits plus one parity bit. 
Transmissions may be by radio, telephone, 
or telegraph channels at a rate of more than 
100 channels a second. At the receiving end 
the information may be displayed on lamps 
(i.e. fifteen lamps indicating digits or on/off 
condition), on decades of decimal digilights 
or by meter readings. The information may 
also be recorded in analogue (chart or strip 
records) or digital (strip printer, typewriter, 
tape punch) form. A.W.E. is marketing 
individual components of the system to 
customer requirements. 

Printed circuit techniques have been used 
in the development of a new wafer-thin digit 
selector switch which can be mounted 
edgewise and thus meet the increasing 
demand for compactness in instrument and 
control panel design. As exhibited, the 
switch has ten positions, the contact segments 
being etched copper foil, rhodium plated, 
or “ Bakelite’’ laminate. Because it is so 
compact the switch can be installed in rows 
in any number of banks, the clear position 
indicator numbers on the front edge giving 
instant in-line read-out. 

Data handling systems and digital display 
equipment are also being shown by Black- 
burn Electronics, Ltd., Brough, Yorkshire, 
a company which is sharing stand W7 with 
its associate, Armstrong Whitworth Equip- 
ment. Among the Blackburn exhibits shown 
at this exhibition for the first time will be 
four-digit and five-digit voltmeters, a digital 
recorder and a constant voltage transformer. 

The voltmeters provide decimal precision, 
automatic range change and sign selection, 
being designed for applications requiring 
accurate measurement down to 0-01 per cent 
of d.c. voltages, including computer inputs 
and outputs, reference supply and strain 





Fig. 2—Digital recorder designed to scan fifty or 

100 input parameters in sequence, record their values 

and polarities and give channel identification— 
Blackburn _Electronics 
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gauge measurements and production testing 
of electronic and electrical components. The 
five-digit unit is transistorised, resulting in a 
compact, light and completely portable 
instrument. Outputs are available in decimal, 
or B.C.D. code for driving an in-line printer, 
electric typewriter or tape punch. 

The constant voltage transformer supplies 
a stabilised sinusoidal voltage for energising 
electronic and electrical equipment sensitive 
to mains variations. It gives good stabili- 
sation against large mains variations inclu- 
ding transients and maintains an output wave 
form with a harmonic content of less than 
5 per cent. 

The Blackburn digital recorder (Fig. 2) 
consists of a fifty-point double-pole scanning 
switch, a four-digit voltmeter and a high- 
speed strip printer engineered into an equip- 
ment that is designed to scan fifty or 100 
parameters in sequence and to print-out their 
values and polarity with channel identifica- 
tion. It can scan continuously four inputs 
per second or execute a single scan on demand 
or monitor a single selected point. The 
recorder will accept voltage inputs from 0 
to 999.9V on three ranges, the change of 
range being automatic. 


EVERSHED AND VIGNOLES, LTD. 

A new transistorised quick-response re- 
corder (Fig. 3) which is servo-operated will 
be shown (Stand Cl) by Evershed and 
Vignoles, Acton Lane, London, W.4. The 
main attribute of this instrument is that it will 
record sine-wave voltages up to 25 c/s with 
an amplitude error not above 10 per cent for 
a peak-to-peak amplitude of | in. 

Referring to Fig. 3 the recorder is on the 
right and works in conjunction with the 
amplifier (on the left), the two equipments 
being connected by an eighteen-core flexible 
cable, S5ft long, with plug and socket con- 
nections. Recording is done electrically on a 
roll chart of “ Teledeltos”’ paper which 
provides two 3in wide channels separated by 
a jin margin. The instrument contains two 
movements, each of which is, essentially, a 
d.c. recording voltmeter designed for rapid 
response and small pen-to-paper friction. 
The maximum torque produced by the pen 
movement is about 7 oz-in. A motor- 
driven gearbox provides four chart speeds. 

The input to the recorder is opposed by 
the feedback voltage from a resetting poten- 
tiometer which is controlled by the position 
of the pen. Any error, being the difference 
between these voltages, is amplified to drive 
the pen movement until the feedback voltage 
balances the input. Zero setting of the pen 


can be adjusted as required and a solenoid- 
operated time-marker pen is included in the 
equipment. 
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Maximum sensitivity can be set to suit the 

user, between the limits of +8V to +4V and 
sensitivity can be reduced in steps down to 
zero by a switched attenuator control on the 
front panel of the amplifier. The sensitivity 
control can be switched out of circuit, if 
desired. The input impedance is about 50,000 
ohms with the sensitivity control potentio- 
meter in circuit and about 2 megohms without 
it. As the voltage across the resetting 
potentiometer is stabilised, sensitivity is 
independent of mains variations. 

The recorder is housed in an aluminium 
alloy case measuring 14fin by 10}in by 6}in 
overall. The amplifier unit contains a two- 
channel d.c. amplifier and a power pack in a 
ventilated steel case, I13jin by 9}in by 64in 
overall. The power requirements are 140W 
at 115V to 230V, 50 to 60 c/s and the marker 
pen needs a d.c. supply of 3W at I5V to 20V. 

Evershed equipment will be embodied in 
an interesting display showing the use of a 
B.B:C. “zoom” camera with all five func- 
tions—pan, tilt, zoom, focus and _ iris 
servo-operated from a single remote point. 
Five preset positions can be selected by a 
series of buttons on a “ shot box” and the 
camera will automatically line up and focus 
one or other of the Evershed exhibits. 
All the functions of this servo-operated 
camera control employ Evershed  servo- 
motors and amplifiers and the system of 
camera operation is shortly to go into service 
at the new Television Centre of the B.B.C. 

Other exhibits to be seen on this stand will 
be a new disc recorder which is available 
with wattmeter, ammeter or voltmeter move- 
ments, and the ** Two-in-One * Wee-Megger 
which provides for insulation and continuity 
testing in a single, portable instrument. 


ELECTRIC CONSTRUCTION COMPANY, LTD. 


A vertical-spindle motor-generator de- 
signed with an output of 250kW at 10,000 c/s 
for induction heating and similar applica- 
tions, will be shown (Stand FIl) by the 
Electric Construction Company, Ltd., Bush- 
bury Engineering Works, Wolverhampton. 

This set (Fig. 4) consists of a squirrel-cage 
motor and an a.c. generator with both 
motors mounted on a common vertical shaft 
to reduce the floor space occupied by the 
combined machine. Cooling is by a closed 
air circuit (with water-cooled heat exchanger) 
designed for quiet running. The set is 
mounted on resilient pads to absorb vibration 
and allow the machine to be installed easily 
near the induction heater, thus minimising 
the run of high-frequency cable and reducing 
the losses. 

The low-tension driving motor (usually 
415V, 50 or 60 c/s), is designed for high 
starting torque combined with low starting 


Fig. 3—Quick response 
recorder—Evershed 
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Fig. 4—250kW, 10,000 c/s motor generator set to 
supply power for induction heating—Electric Con- 
struction Co. 


current. The generator output voltage 
covers the range 600V to 1200V and typical 
outputs are tabulated below : 


c/s rpm 
250k W at 10,000 3600 
250k W at 8,400 3000 
300k W at 3,000 3600 
300k W at 2,500 3000 
300k W at 1,200 3600 
3OOkW at 1,000 3000 


To suit various load demands these sets 
can be operated singly or in paralleled 
banks. 

This company will also show a static 
power pack, incorporating a_ naturally- 
cooled magnetic amplifier and silicon diodes, 
for the close control of a 6 h.p., a.c. motor 
over wide ranges of speed and load. The 
specimen to be exhibited is a special equip- 
ment designed and built to give a response 
time, at the motor shaft, of twenty milli- 
seconds from standstill to 2200  r.p.m. 
Control is available over a 20/1 speed range 
and the speed regulation at 2200 r.p.m., 
from no load to full load, is stated to be 
+l per cent. The overall efficiency from 
a.c. input to motor output is given as 83-5 
per cent. Dynamic braking is provided for. 


ELLIOTT BROTHERS (LONDON), LTD. 


A transistorised tone-telemetry system will 
be demonstrated (Stand F1I4) by Elliott 
Brothers (London), Ltd., Lewisham, London, 
S.E.13. It makes use of frequency division 
multiplexing of tones in the 300 to 3000 c/s 
band, for transmitting up to thirty telemetry 
data channels simultaneously over a single 
telephone line or a radio link. Five of these 
channels can be used for control purposes. A 
speech circuit can also be included in the system 
if the number of tone channels is reduced 
to ten, three of which can be central channels. 
The main applications of the system are for 
remote indication and control in the electri- 
city, gas, water and oil industries, but the 
equipment can also be used for air-to- 
ground or mobile telemetry, and in most 
other situations where it is necessary to 
multiplex a number of channels for the 
transmission of data. The system is built up 
from standard plug-in units mounted on 
19in panels (Figs. 5 and 6). Tone generators 
and receivers, mixer and receiver amplifiers 
and ancillary equipment, such as power 
packs and telephone filters, can be assembled 
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to form out-stations and main _ control- 
stations as required. These items can be 
adapted to meet increased demands by 
plugging in extra units. This transistorised 
tone telemetry equipment operates from a 
24V supply from a sealed battery unit which 
will keep the system operating for at least 
two hours in the event of a mains failure. 

The Elliott sequence selector and pro- 
gramme controller will also be shown. Its 
function is to switch up to ten circuits on or 
off in a predetermined sequence over a time 
interval which can be varied by the frequency 
of input pulses. Provision is made for up to 
a nominal ten-minute sequence derived from 
a mains-driven synchronous motor. The 
total sequence-time required is set up in 
minutes and seconds by means of selector 
switches. The rest button is depressed, 
setting the total sequence time on the indi- 
cators. The output selection takes the form 
of selector switches and sockets. There are 
five ten-second banks of sockets which can 
be positioned in any part of the sequence. 
All banks can be switched to give continuous 
coverage from 0 to fifty seconds for short- 
period tests where outputs are operated 
many times in sequence. 

Another exhibit will be a hydraulic power 
pack designed specifically for checking 
hydraulic power actuators associated with 
electronic control equipment. The layout of 
the system can, however, be arranged to 
suit any particular application. Extra 
hydraulic accumulators and filters can be 


fitted and different pumps can be used. It is 
intended for use in electronic laboratories 
where cleanliness is essential ; accordingly 


self-sealing couplings will be used to connect 
the units under test. The hydraulic power 
pack (Fig. 7) can deliver up to 2} gallons of 
fluid a minute at 3000 Ib per square inch. An 
hydraulic accumulator can be used to meet 
the requirements of shock loadings and 
sudden flows in excess of normal delivery. 
The built-in tank holds 5 gallons, and is 
fitted with safety devices to prevent over 
filling and to stop the pump if the oil falls 
below a minimum level. Filters are provided 





Fig. 6—Exploded view of transistorised units used in tone telemetry—Elliott 


Fig. 7—Hydraulic power pack for checking hydraulic power 
associated with electronic control equipment—Elliott 
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Fig. 5—Tone_ telemetry- 
The transistorised tone units 
are plugged into standard 
19in rack mounting panels 
—Elliott 


throughout the system ; those in the delivery 
and return lines will not pass particles bigger 
than 5 microns. 


RECTIFIER COMPANY (GREAT 
BRITAIN), LTp. 


High-voltage silicon rectifier columns, built 
up on a modular basis and capable of 
delivering outputs up to IkV per cubic 
inch, will be shown (Stand Y1IO) by the 
International Rectifier Company (Great Brit- 
ain), Ltd., Hurst Green, Oxted, Surrey. 

In these rectifier columns a new modular 
design concept is used to give increased 
power per unit volume of rectifier with great 
reliability in operation. The modular prin- 
ciple also allows considerable flexibility in 
design and reduces development time. These 
rectifier columns are available for current 
ranges of IA to SOA and volt ranges of 
10kV to 120kV. Typical outlets for supplies 
of these magnitudes are long-range radar, 
television and broadcast transmitters, high- 
voltage d.c. resistance welders, particle 
accelerators, induction heaters, pulse modu- 
lators and pulse-forming circuits for plasma 
research. 

Two kinds of stack will be exhibited : one 
is a complete column (Fig. 8) capable of 
delivering 9A at 30kV d.c. and the other is a 
basic half-wave module giving an output of 
1A at I5kV. The basic rectifier column 
module is of polyester glass board enclosure 
containing two rectifier cells, voltage divid- 
ing circuits, connectors and heat dissipating 
shield. A standard type-|HV. column is 
made up of fifty basic modules mounted on 
an 18in central beam. Special attention 
has been devoted to equality of voltage 
sharing between the diodes: all com- 
ponents are accurately positioned and series 
inductances and capacitances to earth are 
kept low and equal throughout the stack. 
Internal voltage division by a “ ladder” 
system of capacitors and resistances estab- 
lishes firm potential levels for all electrical 
and mechanical parts of the assembly. Each 
column is equipped with shaped end shields 
designed to prevent cell failure at the column 
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Fig. 8—Rectifier column designed to deliver 9A, d.c. 
at 30kV—International Rectifier Co. 


ends, caused by excessive earth capacitance 
Complete rectifier columns can be operated 
in air or, if required, they can be designed 
to use gaseous or liquid coolants. 


(To he continued) 


British Standards Institution 


4ii British Standard Specifications can he obtained from the 
Sales Department of the Institution at 2, Park Street, london, W.1 


MILD STEEL FORGED TRIANGULAR 
LIFTING EYES FOR USE ON WIRE 
ROPE PULLEY BLOCKS WITH A LIFTING 
CAPACITY OF 60 TONS OR MORE 


No. 3317 : 1960. Price Ss. The triangular lifting 
eyes specified in this new standard are intended for 
crane loads above the capacity of ordinary standard 
hooks and a range with safe working loads from 
60 tons to 200 tons is specified. Together with rams- 
horn hooks, which are also standardised up to 200 
tons, these eyes are recommended for the electric 
overhead travelling cranes specified in B.S. 466 and 
it is pointed out that, for a given safe working load, 
the triangular lifting eye has the lightest form. The 
mode of use is two point loading with an included 
sling angle between 0 deg. and 90 deg. The eyes are 
not intended for single point load through one fitting 

In the new standard, material, form, dimensions, 
workmanship, heat-treatment, testing, marking and 
the provision of a maker's certificate are specified, 
whilst notes on design are appended and particulars 
of suitable thrust bearings are given. 
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Letters to the Editor 
METROPOLITAN LINE WIDENING 


Sir,—-Mr. E. J. R. Kay refers (letters, 
February 24) to the possibility of taking 
advantage of the Metropolitan four-tracking 
work now in progress to segregate London 
Transport trains from those of British 
Railways. To do this would result in a 
serious lack of balance between the use made 
of the two sets of tracks ; more important, 
it would mean that the London Transport 
pair of tracks would have to carry both fast 
and stopping trains. Both of these disad- 
vantages will be avoided by the proposed 
pattern of service, in which all fast trains, 
whether British Railways or London Trans- 
port, will use the fast tracks and the other pair 
of tracks will be kept clear for stopping trains. 

The three-track layout, with a “ reversible * 
centre track for use in the direction of peak 
traffic flow, is a well-known railway technique 
which was carefully considered during the 
planning of the Metropolitan Line works. 
It was rejected because it would have been 
more expensive to install in this location, 
and because it has serious operating disad- 
vantages. There are junctions at each end of 
the section concerned (Harrow North and 
Watford South) which would require fly- 
unders to ensure the line capacity required ; 
but even without the extra cost of flyunders, 
any savings would have been offset by the 
extra cost of providing the special signalling 
and rail connections for two-way working. 

From the operating point of view, it is a 
requirement on this line that there should be 
an equal flow of trains against the peak 
direction of traffic so as to meet the rolling 
stock requirements of the comparatively busy 
peak period. The three-track scheme would 
heavily reduce the return flow and make it 
necessary to buy more rolling stock for 
service than will be required with the four- 
track layout. Furthermore, the operation of 
the line would be less flexible and much more 
susceptible to dislocation. i ft Meee 


Chief Public Relations Officer. 
London Transport Executive, 
55, Broadway, Westminster, 
London, S.W.1, 
March 9, 1961. 


MILLIONS TO BE SAVED? 

Sir,—May | offer another contribution to 
the discussion in your columns—to suggest 
that behind all the arguments in detail for 
and against, the fundamental issue seems to 
be that the “ conversionists *’ consider that 
separate vehicles can carry the load better 
than when they are linked up as trains. 
Given this premise, whether they run on 
rails or not is beside the point, and basically 
there is no doubt that on the lighter loaded 
routes, single vehicles could serve. This is 


borne out by the use of rail motors, steam, 
diesel or electric, an old practice, and which 
do not require any conversion of the track. 

But as ever denser traffic is considered, it 
seems more and more doubtful, until we 


reach the ultimate—the latest suggestion— 
to convert the London Inner Circle. | 
believe the peak is an eight-car train about 
every thirty seconds—say 600 seats plus many 
standirig. Assuming the same seats provided 
by the same number of separately driven 
vcl.icles and ignoring the straphangers, an 
interval of about four seconds is required! 
Compared to this, the present system is 
almost the acme of comfort! This, I contend, 
shows the basic fallacy of the whole proposi- 
tion—from the R.C.L. themselves! 


Guildford, C. G. DAHL 
March 6, 1961. 


Sir,—The significant element in this now- 
familiar heading is the question mark. In all 
the column-inches that have followed it there 
is no hint of a brass tack let alone a brass 
farthing. Where would the saving show 
itself in the individual citizen’s cash account ? 
Of what order would it be ? Who would 
guarantee it ? The Railway Conversion 
Leaguers cannot, so far as I know, answer 
these questions. One would like to learn 
that some down-to-earth reader had worked 
out such figures as would justify you in 
replacing the other-worldly heading by some- 
thing vivid such as “ This will halve your 


income-tax. W. A. TupLIN 
Sheffield, 
February 27, 1961. 

[Other readers may now be wondering, 
like this correspondent, whence this heading 
originates. It harks back to the heading 
of a leading article in our issue of Novem- 
ber 4 which triggered off the present corres- 
pondence. That leader pointed out that 
if the League is right and if the railways will 
not become viable as a consequence of 
modernisation then conversion would save 
the cost of modernisation and also permit 
economies to be made in expenditure on 
new roads and motorways. Hence the 
thousands of millions of pounds to be saved. 
The question mark indicated that we were 
not convinced at the time, nor are we now, 
that the League is right ; though we cer- 
tainly agree that as and when railway routes 
are abandoned immediate consideration 
should always be given to their conversion 
into roads.—Ep. THE E.] 


Sir,—The fascinating -correspondence 
which has flared up again in THE ENGINEER 
over Railway Conversion provokes an obser- 
ver on the sidelines to put forward some 
points which have not been covered. 

Recent announcements by the Minister 
state that 6 miles of disused railway is to be 
incorporated into the Durham Motorway, 
and 6 more miles of old railway formation is 
to be incorporated into the new Heads of 
the Valleys Road between Abergavenny and 
Merthyr. The practicability of the latter 
was advocated by the writer in a letter which 
you kindly published on June 13, 1958, and 
he likes to think that your co-operation may 
have had something to do with the decision! 





Do not these announcements indicate that 
not only is the Ministry now alive to the 
possibilities of using moribund formations 
for new roads but also under the reorganisa- 
tion of the Commission the Minister now 
has powers to take over land owned by the 
B.T.C. at a reasonable price? 

When a County Council, however, attempts 
to buy land for the same purpose it appears 
to be quite another “ kettle of fish!” The 
Norfolk County Council recently published a 
scheme whereby approximately 20 miles of 
disused railway was to be used to improve 
their trunk road from the Midlands, but 
when they approached the Commission it 
demanded ten times the normal price because 
it was to be used as a road! The result has 
been that the scheme is indefinitely held up. 
It is to be hoped that under the new dispen- 
sation, County Councils will have equal 
powers with the Ministry in dealing with 
“* dog in the manger ”’ tactics. 

On the subject of commuter traffic, we 
have yet to see anywhere in the world a 
motorway reserved at rush-hour periods for 
buses only and where terminal facilities 
capable of dealing with the continuous flow 
of buses have been provided. The route could 
be thrown open to all and sundry during the 
mid-day and night hours, and owners of 
goods vehicles and cars would soon learn to 
arranged their journeys accordingly. There 
is no technical difficulty, and one has been 
convinced by the arguments in this corres- 
pondence that the capacity and speed of such 
a route for commuters in buses would 
surprise us all. Which city in the world will 
be the first to demonstrate this system? 
One would hope that it would be a British 
city but one has one’s doubts! 

In conclusion, readers may have missed 
an interesting statistic given by Lord Simon 
in the House of Lords on December 7, 1960. 
In 1960 the land-borne cargo using the Port 
of London was conveyed in the following 
proportions : Exports, Rail 14 per cent, 
Road 86 per cent ; Imports, Rail 8 per cent, 
Road 92 per cent. When one consideres 
the highly valuable acreage of rail facilities 
laid out for servicing the Port of London 
and that to-day only |! per cent of goods go 
by rail—it makes one think doesn’t it! 


Llandovery, D. F. C. VosPER 
Carmarthenshire, 


March 7, 1961. 


CANBERRA LAKE PROJECT 


Sir,—In THE ENGINEER of December 23. 
1960, we notice a mistake in the article on 
the Canberra Lake Dam Project. The 
contract for the construction of the dam was 
not let to A. E. Goodwin, as you state, but 
to ourselves, CITRA AUSTRALIA. 

J. DENIS, 
Managing Director. 
CITRA AUSTRALIA, 
12 Castlerea th Street, Sydney, 
March 1, 1961. 
{Our apologies are due—Ep. Tue E.] 








* CO wes OO Os ss 














§ 
$ 
e 
1 
f 
t 
t 


tal 








Book Reviews 


The Man and his Cars. By RICHARD 
yON FRANKENBERG. Translated by Charles 
Meisl. G. T. Foulis and Co., Ltd., 1-5, 
Portpool Lane, Holborn, E.C.1. Price 30s. 


A BIOGRAPHY of Ferdinand Porsche in 
English is, doubtless, eagerly awaited—in 
his personal influence upon automobile 
engineering he must be regarded as second 
only to Henry Ford, and in Great Britain a 
Porsche design a quarter of a century old is 
ysed as a Standard of comparison for a new 
product. But while this volume, written by a 
Porsche competition driver, establishes quite 
clearly that Porsche was brilliantly successful, 
it by no means appears why. The difficulties 
he met were those that have opposed so many 
other designers—directors who regarded 
money spent on research and development as 
lost, financiers who found the return on 
racing and record-breaking too intangible 
to assess. How then did Porsche triumph? 
One reason hinted at is that he attracted the 
confidence of people who wanted the impos- 


sible done ; he was, it appears, offered a 
post as an ‘engineering czar’ in_ the 
U.S.S.R. in 1932. (A Russian engineer 


contributes one of the few items of conscious 
humour to the text, remarking ‘“* How nice, 
Café Rosenstéckle (rose-bush), at home this 
would probably have been called the Café 
of the Bloody Sword.””) On a smaller scale 
was the task of developing the Volkswagen : 
not only was the target ambitious, particularly 
in respect of selling price, but the resources 
available to Porsche were severely limited, 
and the first three prototypes were built in 
his private garage by twelve men. Some 
indication of why this project succeeded so 
far “ beyond expectation”’ and so endur- 
ingly is apparent ; Porsche insisted that a 
people’s car should be cheap not because 
the product was inferior, but because the 
engineering was superior. 

One point which may well come as a 
surprise in this country is that at the genesis 
of the VW Dr. Porsche was already aged 55. 
His past included many inspired productions, 
one of the most remarkable being the 
“waggon-train”’ for off-the-road use, in 
which a petrol-electric tractor supplied cur- 
rent to a series of powered self-steering 
trailers, a concept fundamentally attractive 
to-day. Another military vehicle of the 1913 
period, the four-wheel-drive artillery tractor, 
contrasts favourably with the contemporary 
United States designs that were acquired by 
the Entente. 

However, it cannot be recorded that this 
volume begins to do justice to the works of 
this great engineer. Close attention is given 
to competition successes and record attempts, 
and the achievements of other makes are not 
suppressed, but the treatment of technical 
matters is less conscientious : for instance, 
in describing a 1918 aero-engine it is said of 
the hollow overhead camshaft that “ not 
only could a machine-gun be fired through 
it, but it also drove the airscrew.” 

It is also difficult to approve of the trans- 
lation, which is so faithful that some acquain- 
tance with German is valuable in under- 
standing the English version : of the “K’*(urt) 
in “ SSK ” it is remarked merely that it does 
not stand for “* Kompressor,” while it can 
hardly be suggested that ‘* double-decker ” 
is a synonym for “biplane.” Even if 
neither of Mr. Jellinek’s daughters “* was 
particularly attractive,” the junior should be 
either Maja or Maya. Again, readers in this 
country may be confused by references to 
Porsche’s “Tiger” tank which do not 
explain that an entirely different “ Tiger ” 
Saw service against the Allies, and might 
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find “ Briton” a happier noun than “ Brit- 
isher.”” The index also offends; it is 
confined almost entirely to proper names, 
an exasperating failing since the designs of 
Porsche’s firm were generally known by 
numbers, and although the page numbering 
is continued through the pages of pictures 
the illustrations are not indexed. 


Dictionary of Electronics. By HARLEY CARTER, 
A.M.I.E.E. George Newnes, Ltd., Tower 
House, Southampton Street, London, 
W.C.2. Price 35s. 


One of Doctor Johnson’s best remembered 
sayings was an unashamed admission of 
ignorance. Persons of lesser calibre at the 
present day, when to be unaware of the nature 
of a transfer function generator is to court 
social ostracism, must be more circumspect, 
and there is much to be said for a handy crib 
capable of concealment in the office desk. 
This book serves the purpose neatly, although 
one user’s confidence in it was shaken to find 
that in the first entry consulted, reference 
letters in the text did not appear in the 
accompanying diagram of a vidicon camera 
tube. Cross-referencing, also, is of variable 
quality. Why, for example, under “ rectifier ” 
should there be no mention of the junction 
power rectifier, and when this is found by 
independent search is it not surprising that 
there is no allusion to the silicon controlled 
rectifier under that heading? However, these 
are small deficiencies compared with the 
mass of useful definitions in the book, which 
in its small, single-volume size can hardly be 
expected to do more than provide either a 
quick answer or a starting point for further 
study. Some of the entries are quite lengthy, 
such as the three pages on the transistor, and 
there are large numbers of circuit and other 
diagrams. Appendices list units and abbrevi- 
ations, circuit symbols, valve bases and 
rationalised M.K.S. units, while also includ- 
ing various conversion tables and explana- 
tions of colour coding of resistors, capacitors 
and fuses. 


Story of the Saw. By P. d’A. Jones and 
E. N. Simons. Spear and Jackson, Ltd., 
Aetna Works, Savile Street, Sheffield, 4. 
Price 2ls. 


BUSINESS centenaries and bi-centenaries are 
celebrated in various ways ; more often than 
not a brochure or book is produced. Spear 
and Jackson, Ltd., which had completed 
200 years of trading by the end of 1960, 
chose this method of marking the occasion, 
but the book, instead of treating of the 
history of the firm itself, takes the more 
unusual course of dealing with the firm’s 
principal product, the saw. The result is a 
serious study of the development of the saw 
from pre-historic times to the present day, 
produced with admirable objectiveness. 

Though it is not man’s oldest hand tool, 
the saw is still of great antiquity, the basic 
principle of sawing having been devised in 
the Upper Paleolithic period, perhaps some- 
where about 20,000 B.c. True, the earliest 
so-called saws were only flints with notched 
or serrated edges. But even if we date the 
saw from the introduction of raked teeth 
(about 1200 B.c.) or from the raked and 
set teeth used by the Romans, the saw is still 
of a respectable age. For a long time after 
the end of the Roman Empire there was 
little change in the design of the saw, except 
the introduction of the push-stroke type, 
which took place probably in the twelfth 
century. 

This early history of the saw is recorded 
and illustrated in the book, but it is the second 
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part of the text, dealing with the period from 
about 1450 to the present day, which will be 
of most interest to engineers. There is a 
parade of developments : increasing mechan- 
isation (this was known even in Roman 
times, but developed greatly in the period 
under review) ; the circular saw ; Sir Marc 
Isambard Brunel’s ships’ block-making 
machinery of 1802-3 ; inserted tooth circular 
saws ; stone-working saws ; and bandsaws. 

There is much of interest, too, in the 
material dealing with present-day saws and 
sawing machines. This is a book for anyone 
who uses or has used a saw, and that means 
almost everybody. It is not, and does not 
pretend to be, a highly-technical treatise, 
though technical terms are not ignored. 
On the contrary, the book is a readable, 
well illustrated account of an object which is 
so well known that one tends to accept it 
without thinking whether or not it has a 
history at all. 


British Locomotives. The Locomotive and 
Allied Manufacturers’ Association of Great 
Britain, Locomotive House, Buckingham 
Gate, London, S.W.!. Price 15s. 


THis publication opens with a survey of the 
motive power in service and production for 
the British Railways modernisation pro- 
gramme. The second chapter explains in 
simple terms, assisted by diagrams, the work- 
ing of mechanical, hydraulic and electric 
transmission in diesel locomotives, and the 


characteristics of d.c. and a.c. traction 
equipment. A longer section dealing with 
the evolution of the British locomotive 


industry recalls the early builders and their 
products against a background of con- 
temporary railway development here and 
overseas. While railway enthusiasts may 
find some of this familiar, few of them 
probably can claim to be equally conversant 
with the early days of electric and diesel tract- 
ion described in the same chapter. “ Railway 
Modernisation Overseas ”’ and ** Locomotives 
in British Industry ’’ are two further chapters 
which bring together information emphasis- 
ing both the variety of British locomotive 
manufacturers’ products and the range of 
conditions in which they operate. The 
publication is copiously illustrated, much of it 
in colour, and, while there are some old 
friends among the modern views, the pictures 
recalling earlier days have clearly been 
chosen to avoid the stereotyped. The book is 
well fitted in appearance and production to 
its important task of informing the world of 
what the British locomotive industry has 
accomplished and proposes for the future. 


Books Received 


Production of Wide Steel Strip. The tron and Steel 
Institute, 4, Grosvenor Gardens, London, S.W.1. 
Price 65s. 

The Federation of Civil Engineering Contractors’ 
Handbook, 1960-61. Romney House, Tufton Street, 
Westminster, S.W.1. Price 12s. 6d. 

Manual of Man-Made Fibres. By C. Z. Carroll- 
Porczynski. Astex Publishing Company, 22-23, 
North Street, Guildford. Price 29s. 

Techniques of Non-Destructive Testing. Edited by 
C. A. Hogarth and J. Blitz. Butterworths, 4 and 5, 
Bell Yard, London, W.C.2. Price 40s. 


Guide to Key British Enterprises. Dun and Brad- 
street, Ltd., P.O. Box 17, Adelaide House, London 
Bridge, London, E.C.4. Price 136s. 6d. 


Principles of Feedback Control. By Charles H. 
Wilts. Addison-Wesley Publishing Company, Inc., 
10-15, Chitty Street, London, W.1. Price 74s. 

Engineering Review of the Department of Technical 
Sciences at the Institute of Mechanics. Vol. 28, 1960. 
International Book Exchange Department, State 
Lenin Order Library, U.S.S.R. (Printed in Russian.) 
Price 12 Roubles 85 Kopeks. 
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Part Il 


(Continued from page 386, March 10, 1961) 


The Bersimis River, a north-shore tributary of the 


lower St. Lawrence, has been substantially com- 


pletely developed for power production by the 


construction of a vast reservoir and two power 


Stations. 


stations is \500MW and in the average year they 


will generate over 7 billion kWh; the capital cost 


of this power, delivered to Montreal, 400 miles 


away, is quoted as £110 per kilowatt. 


underground station is shown on the right. 


ONSTRUCTION started on the Bersimis 
scheme in 1952. At that time the catch- 
ment was virtually unexplored, having been 
used only for logging, shooting and fishing. 
The nearest town was Forestville on the north 
bank of the St. Lawrence, 25 miles above the 
mouth of the Bersimis. Now, apart from the 
main works for power generation, there is a 
new permanent township called Labrieville, 
which is 55 miles from Forestville and is 
connected with it by a serviceable road 
system, and there are 287kV_ transmission 
lines serving Quebec and Montreal to the 
west, and to the east the Manicouagan 
peninsula and Baie Comeau aluminium 
smelter, and thence by a 69kV submarine 
crossing of the St. Lawrence, the Gaspé 
peninsula. To the traveller coming into 
Canada by air, the 400 mile transmission 
line to the principal centres of consumption is 
prominent, being virtually the only sign of 
man as it cuts across the Laurentien hills. 
Such has been the activity throughout the 
world in building hydro-electric schemes 
during the last decade or so, that it is be- 
coming almost a commonplace to accept that 
a great slice of virgin country can be 
opened up with roads and towns, and then 
dams and power stations built, and heavy 
machinery brought in, almost with the 
precision and regularity of clockwork. The 
Bersimis development is, however, something 
of a prototype of this kind of problem, as we 
mentioned in the introductory section of this 
article last week. Comparable Canadian 
schemes like Kitimat and Chute-des-Passes 
rely on a nearby centre of consumption, 
in these two cases for the smelting of alumi- 
nium. The Bersimis stations, however, are 
primary for public supply and were chosen 
in preference to sites much closer to Montreal. 
Their success is to be followed by a similar 
exploitation of other “ remote” rivers in 
the province. 

The name of the river—it is also sometimes 
spelled ‘* Betsiamites *"—is a corruption of 
its Indian name which means “ the place of 
many lampreys.” Along its length of 250 
miles, the river falls 1500ft, all but 250ft 


The installed capacity of the two power 


Bersimis | 


Water Power in the Province of Quebec 


of this fall being below Lake Pipmuacan 


(i.e. the present storage level). Two 
very favourable stretches of the river pre- 
sented themselves for development. By 
damming the river where it flowed out of 
Lake Cassé, and damming also the Desroches, 
a tributary stream which joined it at this 
point, the reservoir backs up the Desroches, 
so that by diverting the flow, about 18 river 
miles can be by-passed by a diversion tunnel 
and power-house system only 8 miles long, 
and a maximum gross head of 875ft obtained. 

Further downstream, there is a fall of 
370ft along a 20 mile stretch of the river. 
The second stage, however, utilises the head 
at a stretch of rapids where most of this 
fall is concentrated. It has only a relatively 
short diversion tunnel about 3000ft long, 
and its layout comprises a concrete dam 
across the river just above the rapids, and 
subsidiary earth dams, one closing off a low 
stretch of ground on the left bank, and the 
other cutting across a plane close to the right 
bank, but separated from the concrete dam 
by a massive cliff of rock. The right bank 
earth dam incorporates the intakes. 

The principal data for the two stages of the 
scheme are listed in Table Il. The main 
reservoir links together the natural lakes of 
Cassé, Pipmuacan, and Pamouscachiou, and 
backs up right to the watershed of the 
Saguenay catchment, where two “ saddle ” 
dams had to be built. These dams allow 
Alcan’s power stations in the Saguenay 
catchment to draw on any surplus of water 
in the Bersimis catchment. The “live” 

TABLE II 


Hydrology and reservoir 
Catchment area above Lake Cassé 
Surface area of reservoir 


Bersimis River Power Schemes 


5010 square miles 
290 square miles 


Capacity of reservoir 410 « 10° cubic feet 
Top water level 1300ft a.s.l 
Maximum draw down 25ft 

Useful storage in 25ft range 168 « 10° cubic feet 


9250 cusecs 
15000 cusecs 
Bersimis | Bersimis II 
8 112-S5MW 5 120MW 
Annual firm power output 4890 = 10°k Wh 2600 « 10°k Wh 
Corresponding load factor 62 per cent 50 per cent 
Maximum gross head 875ft 376ft 


Mean monthly regulated flow 

Rated full load flow for power 
Power stations 

Installed capacity 


Generating conditions 227 r.p.m., 162-8 r.p.m., 
13-8kV, 13-8kV, 
60 c/s, 60 c/s, 
three-phase three-phase 
Transmission voltage 287kV 287kV 
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storage available in this reservoir is equal to 
nearly 60 per cent of the annual flow. 


ORGANISATION OF CONSTRUCTION 


It will be recalled from the Part I of this 
article that this development is in the hands 
of the Quebec Hydro-Electric Commission. 
Organisation of the constructional work was 
rather unusual. In the first place the con- 
sulting engineers, H. G. Acres and Co., Ltd., 
were called in to prepare the designs. Con- 
struction was undertaken by contractors, for 
“ Hydro-Québec ” on a cost plus fixed fee 
basis, with a simple scale of increase to each 
fee if target costs were reduced. At the 
contract-letting stage, there was not sufficient 
information about the scheme to negotiate 
unit price contracts. 

Hydro-Quebec closely supervised the work 
on the site, directing the contractors to 
particular tasks to keep the programme up 
to schedule, buying all the constructional 
plant, and hiring it out to the contractors on 
the site, the contractors being responsible 
for maintenance. Hydro-Quebec also engaged 
all the labour for the contractors, and 
organised all such aspects—very important 
ones on this job—as catering, accommodation 
and welfare, on a comprehensive basis. 

The contractors were thus not given their 
customary freedom of action—not even the 
freedom to make a loss!—and the con- 
sultants’ site supervision was correspondingly 
reduced by the presence of Hydro-Québec’s 
staff, through whom they had to work. 
In justification of this type of organisation, 
Hydro-Québec pointed out that the job was 
built on time and within the original estimates 
of cost. By taking the burden of much of the 
organisation from the contractor, it was 
considered, his attentions were freed to the 
main task of getting the works built. Stand- 
ardisation of plant was achieved, and the best 
years of the plant’s life was worked out on 
the project. The site control which Hydro- 
Québec exercised was however very complete, 
extending even to a police force (though this 
is paralleled by “ Alcan ’’). The Commission 
paid everybody on the site, and payment 
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was made by chits, there being a site bank 
which was the only place where money was 
isued. A committee supervised all social 
amenities. One of its problems was to 
dispose of the profits made from the sale of 
eer, profits which were returned to the 
workers in the form of entertainment such 
as sport facilities, free cinema shows during 
construction, a swimming pool for Labrie- 
ville, and a scholarship fund for employee’s 
children, &c. This is a far cry from the 
“tommy shop” of the Victorian navvys, 
where beer was the agent’s “perks,” reputedly 
more valuable than his salary. If such 
advanced ideas had prevailed in this country 
a century ago, its main line railways would 
be littered with swimming pools. 

In further explanation of ‘ Hydro- 

bec’s” organisation of the work, com- 
parison might be made with similar but older 
organisations. The Hydro-Electric Power 
Commission of Ontario, for instance, has a 
long tradition of designing its own schemes 
and last week we pointed out that the 
Shawinigan Engineering Company, Ltd., 
designed and constructed all the parent 
company’s schemes. Hydro-Quebec is a 
young organisation, dating from 1944, and 
the Bersimis scheme is its largest develop- 
ment to date. It may well be that this type of 
organisation is the first stage in gathering 
experience for the formation of an indepen- 
dent design and construction organisation. 
A further motive, which would be expected 
to be strong in a provincial authority, is the 
encouragement of the local economy, as 
shown for instance in the employment of 
local labour. 


HYDROLOGY 


An acute problem facing the designers 
of a hydro-electric scheme in virgin 
country is generally that of estimating the 
flow of the river, for observations taken 
over many years are necessary. The problem 
at Bersimis can best be summed up by 
quoting from a paper by F. Rousseau.* “* No 
record of Bersimis water flow over a sufficient 
period of years was available to compute the 
regulation of this river with reasonable 
accuracy. Fortunately, a continuous record 
of daily discharge of the Outardes River 
had been kept since 1931 by the Quebec 
North Shore Paper Company at its Outardes 
Falls development. Since the watershed of 
this river is adjacent and comparable to that 
of the Bersimis, it was considered that the 
unit run-off of the Outardes could be applied 
* Chief Engineer, Power Development Division, Quebec Hydro- 
Electric Commission, “ Bersimis-Lac Cassé Hydro-Electric 


Power Development,” The Engineering Journal (journal of the 
Engineering Institute of Canada), April, 1956 





with sufficient accuracy to the Bersimis to 
determine its flow for regulation purposes. 

“The drainage areas of the two rivers 
were measured from maps charted by 
means of vertical photography done by the 
Federal Government. The mean monthly 
run-offs of the Outardes, derived from the 
period of record, were applied then to the 
drainage area of the Bersimis watershed 
under consideration. This procedure resulted 
in a hydrograph of the natural flow in the 
Bersimis River which would have occurred 
during the same period. 

‘“* The drainage area at the outlet of Lac 
Cassé amounts to 5010 square miles and a 
study of the hydrograph indicated that the 
mean monthly regulated flow of 9250 c.f.s. 
can be maintained with 168 billion cubic feet 
of usable storage capacity.” 


THE Upper STAGE WorkKS 


The massive scale of the Bersimis I, or 
upper stage works, is their dominant charac- 
teristic, for the conception and the con- 
structional work were generally both straight- 
forward in character. The dam—for the two 
dams are so similar and close together that 
it is natural, if strictly inaccurate, to consider 
them as one structure—is a rockfill dam with 
a clay core, following practice already 
established in Canada, notably at Kenney 
dam in British Columbia (the main dam of 
the Kitimat scheme) which Lake Casse dam 
closely follows in design. Fig. 2 in last week’s 
article showed the dam. The impervious 
core is built into the upstream part of the 
cross section, sloping from the crest to about 
the quarter-point at formation level, enclosed 
by filter layers of graded materials. In 
constructing the main body of the dam, rock 
was sluiced, the water used equalling about 
four times the volume of rock. At the north 
bank of the Bersimis a deep deposit of 
glacial till outcrops. This material was found 
to be both sufficiently impervious and suffi- 
ciently strong to carry the dam. When 
constructing it in this region, the core was 
keyed into the till, and the surface of the till 
was prepared, and then covered by a Sft 
layer of sand, topped by a 5ft layer of I4in 
to 3in stone ; then the normal rockfill was 
placed. 

The main data for the two adjacent dams 
are listed in Table III. Each of them has 
been built with a slightly arched shape, the 
idea being that a core which is arched will 
be in compression, and thus the possibility 
of any tensile forces occurring in it is reduced. 
This idea does not appear to have been the 
subject of a precise study, and apparently 
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Figs. 5 and 6—(Left) The concrete dam of the Bersimis II scheme. 
creates a heavy mist which keeps the surrounding trees coated with ice for eight 
(Right) Bersimis II power station with the surge tank on 
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Tasie I11—Constructional Data for Bersimis I Scheme 
Main dam 
Length 
Bersimis dam 2210ft 
Desroches dam 1035ft 
Heights 200ft 
Crest level 1322ft a.s.t. 
Quantities : sluiced rock 2,500,00 cubic yards 
Rock in “ bn anger | " zone 1,150,000 cubic yards 
(i.e. upstream of filter and core) 


950,000 cubic yards 
500,000 cubic yards 


Filter material 
Rolled clay 


Total 5,100,000 cubic yards 
Tunnels 

Total length of tunnels and adits 46,600ft 
Corresponding total of excavation 1,678,000 cubic yards 
Length of main tunnel 39 ,600ft 
Equivalent diameter of main tunnel 

Lined 31ft 6in 

Unlined 35ft 


Capacity of main tunnel 9320 cusecs 


Surge shaft (throttled top and bottom) 
Height 313ft 
Diameter 27ft 
Surge tank 
Height 165ft 
Diameter 85ft 
Level at top of surge tank 1500ft a.s.1 
Tunnel centre line level, below surge 
shaft 807ft a.s.l 
Penstocks 
Number Eight 
Lined diameter (concrete lining) 12ft 


Length of horizontal, steel-lined section 
next to turbines 
Power-house 


328ft 


Length 565ft 

Width 65ft 

Height 80ft 
Tail-race manifold chamber 

Length 410ft 

Width 47ft 

Height 75ft 
Tail-race tunnel 

Length 3ROft 

Width 47ft 

Height 6Sft 
Generator floor level 447ft a.si 
Total requirement of concrete for the 

scheme 500,000 cubic yards 


it has not been verified by measurement of 
the core stresses. A spillway was built in a 
ruggedly simple manner, just by quarrying 
the “ island * of rock between the two dams 
to the required top level. Later on, however, 
when construction of Bersimis II was started, 
it became necessary to regulate the river 
flow quite closely and a deep channel con- 
trolled by sluice gates was cut in the rock. 
Again the tunnelling was largely straight- 
forward, through rock of good quality. 
But high rates of progress were achieved, 
the methods of driving and lining the tunnel 
being rather similar to those now well 
known in the larger Swedish hydro-electric 
tunnels. The concrete lining, incidentally, 
was decided upon purely from an economic 
study as being cheaper than an _ unlined 
tunnel giving the same friction losses. 
Similarly, an underground power station 
was decided upon as the cheapest method. 
Three intermediate adits were driven to the 
line of the tunnel, and the muck taken out 
by 15-ton diesel trucks. With an excavation 
quantity of 36 cubic yards per lineal foot of 
tunnel, an average progress of 122ft per 
face per week was achieved, with a best 
weekly advance of 404ft on two faces. 
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Concreting the lining was done in one epera- 
tion for the whole arch (the invert was 
concreted later) and for a length of 80ft to 
160ft ; six cycles per week were achieved. 
Concrete was brought in by truck, to a ramp 
with a turntable, from which placers were 
supplied. 

Further details of this stage of construc- 
tion are given in Mr. Rousseau’s paper (see 
footnote on page 417). A third aspect of the 
construction of Bersimis I might, however, 
be referred to, namely the installation of 
plant in the power station, which is shown 
in the heading illustration. Engineers here 
at home will find more than an academic 
interest in the plant installation of the scheme, 
for British firms played a part in supplying 
the turbo-alternater sets, both at Bersimis 
I and the Chute-des-Passes power stations, 
where probably the largest sets in the world, 
at any rate for this particular range of heads, 
are installed. At the Bersimis I station there 
are eight sets, each Francis-turbine-driven, 
and each with a nominal capacity of 
112-5MW, i.e. 150,000 h.p., but they have 
been built to a specification which calls for 
peak load operation at 200,000 h.p. Four 
sets were supplied by the French firm 
Neyrpic and coupled with Canadian General 
Electric alternators, and four have alter- 
nators supplied by Metropolitan Vickers, 
Ltd. (now A.E.I. Export, Ltd.) with turbines 
by English Electric Company, Ltd. The 
range from nominal to peak horse power 
quoted is due to the fact that, with all sets 
in operation, the loss of head in the tunnel 
results in a net head of 785ft and a generator 
rating of 150,000 h.p. At low load with 
only one or two sets operating, the losses 
in the tunnel are much less, and an output 
of 200,000 h.p. corresponds to a head of 
876ft. 


THE LoweR STAGE WORKS 

At Bersimis II, the constructional work 
took on rather a different character from 
that just described. The power station is a 
conventional surface structure, the head 
available being increased slightly by tail- 
race dredging in the river. From the in- 
take, a tunnel with a lined diameter of 38ft 
leads to it, sloping down at 35 deg. close to 
the intake, and then continuing substantially 
level as a pressure tunnel at about machine 
level to a manifold, from which penstocks 
lead to each machine. The tunnel was 
excavated in two sections, a bench being 
taken out in the second stage. The surge 
tank is a restricted orifice tank extending 
above ground level. 

The tunnel being rather short, its con- 
struction was not critical to the progress of 
the whole scheme as in the upper stage. 
The critical element in this case was the main 
dam (Fig. 5), which, being a concrete gravity 
structure containing over 1,000,000 cubic 
yards of concrete, set the pace for the job as a 
whole. During construction the dam was 
served by a batching and mixing station 
containing four 2 cubic yard mixers. Con- 
creting was done in 7ft 6in lifts with plastics 
waterstops between the SO0ft monoliths. 
Both cement and pozzolan were used in the 
mix and an air-entraining additive was 
used. There was site laboratory control 
of concrete quality. The concrete was 
placed by a cableway carrying an 8 cubic 
yard bucket, supplemented by a crawler 
crane working on a gantry. The crane also 
placed an 8 cubic yard bucket at first, but 
as the limit of its range was approached as 
the dam grew, only a 4 cubic yard one. At 
this stage of construction the crane was put 
to work on the spillway bucket. The maxi- 
mum pour in one operation was about 
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Fig. 7—The Bersimis-Quebec-Montreal 287kV transmission line at the crossing of the Saguenay River 


3000 cubic yards. This meant concreting 
continuously, using the cableway, for forty- 
nine hours. The cableway performance was 
timed to be about eighteen skips an hour. 
Shutters were struck after forty-eight hours. 
In contrast to other Canadian sites, winter 
concreting was considered impractical for a 
mass dam, and was not attempted. The 
dam has a gated spillway. One rather un- 
usual feature is that there is no cut-off 
trench on the upstream side, and grouting 
has been relied on for the cut-off; excava- 
tion extended to 6ft or 8ft into the rock. 

The two earth-fill dams which complete 
the impounding of the stage II reservoir 
presented yet another class of constructional 
problems. They were built from sand with a 
rolled clay core, using materials which were 
present in large quantities in the plane of 
the reservoir. However, extensive earth- 
moving was involved, and heavy twin- 
powered scrapers, of 35 cubic yards capacity 
and each of about 500 h.p., formed the 
“spearhead” of an operation carried out 
in the best North American tradition. This 
work was supervised by a site soil mechanics 
laboratory. 

Generally the clay core of these dams was 
8ft wide, the minimum width which can be 
placed by a large scraper, and it was com- 
pacted with vibrating rollers. In winter a 
bed of sand was placed on the core, and 
removed again in the spring when work was 
recommenced ; the completed dams have a 
cover of 8ft over the core at the crest. The 
core is sealed into underlying clay beds, and 
the abutments of the dams are grouted. 
There were one or two awkward situations 
in a stream bed for instance—where extra 
precautions had to be taken to seal the 
reservoir where the underlying clay was 
rather deep ; a trench was taken out on 
the reservoir side of the dam, and the core 
built out horizontally in the trench to make 
an approximately “ L”’-shaped cut-off. In 
one or two situations steel sheet piling was 
needed to complete excavation and placing 
the core. The two dams have been completed 
with rip-rap and generally an outer layer of 
rock. A quarry had to be opened for this 
purpose, in addition to the quarry serving 
the concrete plant of the main dams; yet 


another quarry supplied aggregate to the 


TABLE IV 
Scheme 
Main concrete dam 
Maximum height 
Crest length 
Maximum width at base 
Diversion tunnel at dam 


Concrete volume 
Spillway sluice gates 
Number 
Size of each 
Spillway capacity 
Earth dams : 


Length 
Maximum height 
Volume of filling material 


Tunnel : 
Length 
Lined diameter 
Slope immediately 
intake 
Penstocks : 
Number 
Diameter 
Length 
Lining 


downstream 


power station, via a 


Constructional Data 


of 


for Bersimis |] 


276ft 


2100ft 
310ft 
33ft diameter by 
675ft long 
1,120,000 cubic yards 
Six 
40ft by 35ft 
130,000 cusecs 
No. I No. 2 
3900ft 3000ft 
29ft 48ft 
1,095,000 420,000 
cu. yds cu. yds, 
2692ft 
38ft 
35 deg 
Five 
17/12ft 
600ft 


lin welded steel plate 


suspension _ bridge 


across the river, which carried a conveyor 


belt. 


The Bersimis Il scheme was constructed 
at a fast rate, most of the civil engineering 
construction being completed in about two 


years. 


At one stage construction tended to 


overtake design, and the power station was 
The final result, 
however, was well on schedule, the first set 
generating power by the end of 1959, and 
the last, last autumn. Fig. 6 shows the power 


held up for this reason. 


station and tail-race. 


Much of the engineering work on the 
Bersimis development is now well docu- 


mented in 


technical literature. 


Thus one 


major problem, that of transmitting the 
power generated at Bersimis to Montreal 
and Quebec, need not be enlarged upon here 
in great detail, for it has been described by 
Messrs. Farnham and Hangot. Economic 
studies of the 387 mile line were made at 
four voltages, viz 230kV, 287kV, 345kV and 
380kV, and from these studies a 287kV 


double-circuit 


line (Fig. 7) 


was selected 


(double-circuit transmission was not feasible 


above 287kV). 


These studies referred only to 


the Bersimis | scheme, but have been applied 
with only minor modifications to the stage Il 


development. 


(To be concluded) 


+ Chief engineer, Engineering Design Division, and system 
planning engineer respectively, of Hydro-Québec; see “ Eco 
nomics of Transmission from Bersimis River Developments, 
Paper 46 D/2, World Power Conference, Canadian Sectional 


Meeting, Montreal, September, 1958 
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Traffic Research Instruments 


PAPER entitled “ Instrumentation for 
Traffic Studies,” by J. A. Hillier, B.Sc., 
vided the subject for discussion by the 

afi Engineering Group at the Institution 
of Civil Engineers on March 9. Sir George 
McNaughton was in the chair. Fret 

Mr. Hillier, who is Principal Scientific 
Officer of the Road Research Laboratory s 
Traffic Section, had arranged for a wide 
assortment of instruments to be on display, 
with expert demonstrators, before the meet- 
ing. Introducing his paper he emphasised 
that not all of these instruments were essen- 
tial to the practice of traffic engigeering ; 
it is a feature of research into road traffic 
that the more data one collects the more one 
needs, hence the Laboratory’s acquisition or 
development of instruments of increased 
capability. This feature of the Laboratory s 
work was welcomed by an early contributor 
to the discussion, who saw in improved in- 
strumentation the key to progress in all 
branches of applied science ; instruments 
will in time yield the multitude of data 
necessary for accurate statistical analysis. 
Another dictum was to the effect that traffic 
engineering is not engineering except when 
measuring is involved. 

However, the traditional, simple instru- 
ments were not without their champions at 
the meeting, and it was conceded that the 
two most valuable aids for the practising 
traffic engineer are still the stop-watch and the 
hand tally ; they are reliable, which was 
something no speaker could say outright of 
any of the other instruments. The most 
useful design of stop-watch is marked in 
hundredths of a minute, and has a duplicate 
“ split second ” hand which can be stopped 
independently of the main second hand and, 
on restarting, returns to coincide with it ; 
the only safe place for a stop-watch is on 
the recording board, firmly attached. The 
hand tally—a cyclometer operated by press 
button—is now available in quadruple form, 
enabling an observer to record four cate- 
gories of vehicles with the fingers of one 
hand. The fact that these were the only 
instruments his county could afford was 
mentioned with no deep regret by a highway 
engineer: he had operated the standard 
pneumatic detector across one of his roads 
for a period on behalf of the Laboratory ; 
its inspection and maintenance had been a 
formidable commitment, even though the 
daily task of reading the counter at 7 a.m. 
had been fulfilled obligingly and punctually, 
he hoped, by the Automobile Association. 

The pneumatic detector consists of a 
tin-}in rubber tube, firmly secured across 
the road surface, leading to an electro- 
magnetic counting mechanism, where it 
terminates in a diaphragm switch sensitive 
to the impulses given to the air in the tube 
by vehicle wheels : the cyclometer is geared 
to register two axle passages as one vehicle ; 
the far end of the tube has a special non- 
reflective plug. The troubles that beset the 
tubes include puncturing (chiefly from grit), 
and gradual burying in a bitumenous road 
surface. Inside the counter the diaphragm 
switch has to be maintained in very correct 
adjustment, and the two 6V dry batteries must 
be replaced before they run low. The meet- 
ing was told of many other points for atten- 
tion, and there were also stories of meddling, 
vandalism and pilfering ; one tip from an 
old hand was to leavé a few lengths of 
discarded tube nearby—for syphoning petrol! 
One contributor did speak up for the service- 


abjlity of detectors—he had known one 
work without its end-plug—but the con- 
sensus of opinion was that they are essen- 
tially delicate machines requiring inspection 
and maintenance to a strict drill by properly 
experienced men, and that this applies with 
added force to the latest versions of the 
instrument with recording counters and other 
refinements : many speakers expressed the 
view that installation, calibration and main- 
tenance would best be performed by the 
supplying firms under a servicing contract ; 
nothing of this sort is in sight, though one 
firm is said to be considering the possibility 
of hiring out the latest instrument it hopes to 
place on the market. However, there were 
assurances that the succeeding marks of each 
instrument would improve upon their pre- 
decessors in robustness no less than in other 
qualities ; transistors were helping already. 
An instrument engineer declared confidently 
that the industry could produce whatever 
was specified ; he mentioned a chart recorder 
that could run for thirty days. 

Speed meters figured prominently in the 
discussion. The basic static type makes use 
of a pair of detectors ; the instrument times 
the vehicle over their distance apart, which is 
commonly 70-4in so that the time recorded, 
in pulses of the instrument’s 2-5 kc/s crystal 
controlled oscillator that acts as its clock, is 
the reciprocal of the speed in miles per hour. 
Pneumatic detectors can be used in this way, 
but metallic contact strips give ° greater 
accuracy than tubes and are therefore pre- 
ferred; there are a variety of designs 
incorporating two separated spring steel 
elements that make contact under the weight 
of a vehicle wheel. The meeting was told of a 
promising new design relying upon the 
capacitance changes in a co-axial cable when 
momentarily distorted. Radar speed meters 
have the advantage of being portable. They 
use the Doppler principle, comparing the 
frequency of the original wave with that of 
its reflection from an advancing vehicle. 
Selectivity is obtained, in one type, by using 
a strongly directional beam and slanting it 
at 20 deg. along the road ; the vehicle is in 
the beam only momentarily, if travelling 
fast, but an electronic “ hold” retains the 
reading on the meter for about one second ; 
the larger the vehicle the clearer the reading, 
motor-cycles sometimes escaping. The meeting 
was reminded of the existence of an optical 
speed meter in the form of a telescope pro- 
viding a split image of the oncoming vehicle ; 
the images are brought together, then flung 
apart by means of a switch, and timed in 
coming together again. Finally the humble 
stop-watch did not go unmentioned. 

The point was made more than once that as 
much depends on the user of an instrument as 
on the instrument itself. Judgment is called 
for not only in interpreting the output of a 
recording instrument, but also in taking 
visual readings. The meetirig was shown the 
speeds radar-recorded by the police during 
one period of observation on an urban road 
when 757 vehicles passed ; the speeds did 
not show any credible scatter : 491 of them 
were precisely 20, 25 or 30 m.p.h. It trans- 
pired incidentally that on sighting a police- 
man the average driver slows down by 
14 m.p.h., and that mean speed in the fast 
lane of MI is 74 m.p.h., expressed as 73-75 
m.p.h. so as not to convey a false impression 
of the precision of measurements and 
statistical analyses where speeds of that order 
are concerned. 
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Among new devices that are coming in 
and old ones that are fading out, the meeting 


discussed, under the first heading, the 
magnetic loop for detecting stationary 
vehicles ; it was felt to have a future, 


especially for giving warning of impending 
congestion at roundabouts and in tunnels. 
At present traffic density can be measured only 
indirectly from the occupancy of a detector ; 
if the detector is occupied for less than 0-3 
of the time there is free flow ; if it is occupied 
for more than 0-7 of the time there is con- 
gestion ; though an opinion was expressed 
that these figures should be 0-2 and 0-9 
respectively. Instruments incorporating multi- 
pen recorders, and punched tapes for analysis 
by computer, continue to be used by the 
Laboratory, though sparingly ; with them 
one week’s field work may lead to six months 
of analysis. For investigating urban traffic 
delays the Laboratory has developed car- 
portable equipment for recording running 
time, stopped time, and the overall time from 
first stop to last start at intersections. Finally 
the meeting was interested to learn that both 
tape recorders and cameras have virtually 
ceased to be used for road research purposes. 
The former tend to be unreliable in the field ; 
transcription is seldom trouble-free, and 
altogether these instruments become a source 
of irritation in the context of precise research. 
Films similarly make for tedious, difficult 
work in their analysis. Indeed nowadays if 
ever there is a call to unearth the Laboratory's 
first-class ciné-photographic equipment it is 
at once presumed that some piece of research 
is not being done properly! 


Construction and Use Regulations 


THE Ministry of Transport has circulated 
draft amendments to the Motor Vehicles (Con- 
struction and Use) Regulations, 1955. Were 
these amendments to be given effect, it would 
be an offence to use on the public roads a vehicle 
of which the length and width, measured over 
the load, exceeded 80ft and 24ft respectively. 
The maximum projection of the load would be 
limited to Ift laterally or a total width of 9ft 
6in (14ft for indivisible loads and infinite for 
loose agricultural produce) or 10ft forward or 
rearward, although the limits on longitudinal 
projection may be exceeded subject to each 
individual journey being sanctioned by the police 
in every area through which it passes. Police 
sanction would also be required for loaded 
vehicles exceeding S5Oft in length and for trains 
exceeding 75ft in length. Longitudinal projec- 
tions exceeding 10ft would have to be marked 
at 8ft intervals (12ft at the rear) and at the end 
with 2ft square planes with diagonal black 
and white stripes 4in wide (illuminated at night), 
the squares having two edges vertical. It is 
particularly to be noted that the draft distin- 
guishes between the vehicle and “* any special 
appliance or apparatus fitted to a vehicle which 
is a permanent or essentially permanent fixture ”’ 
so that the overhang within the meaning of the 
regulations may be greater than it is in fact. 
It would further be the case that an attendant 
other than the driver or drivers would be required 
for vehicles exceeding 40ft in length. 

The use of straddle carriers would, if the 
amendments were given effect, be restricted to 
the carriage of loads projecting less than 6ft 
forward or 3ft 6in rearward (10ft if the projection 
is clearly visible) and less than 40ft long overall, 
except for moves at less than 12 m.p.h. beginning 
and ending at private premises in the same 
“immediate neighbourhood,” the authority of 
the police, and the presence of an attendant, being 
required in the latter case where the length 
exceeds 40ft. Moreover, a straddle carrier would 
be unable to tow a trailer. 

Other amendmenws that would be effected if 
the draft were implemented would require that 
the load on a vehicle were secured against 
endangering any person not only by falling off 
but also by moving, and the permissible overhang 
of motor cars and heavy motor cars would be 
limited to seven twenty-fourths of the overall 
length. 
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Independently Sprung “Grand 
Touring” Car 


From the Jaguar XK120 “C” and “‘ D” sports-racing cars there has now been 


developed a two-seater touring car of extreme performance, the “ 


E” type. 


To render the car easier to handle at high accelerations, the live axle has been 


superseded by an independent rear suspension. 


HE oft-interrupted evolution in England 

of independent suspension for cars com- 
bining comfort and high performance, repre- 
sented hitherto by A.C., Atalanta, Invicta 
and Lagonda, has now advanced yet further 
with the introduction of a “‘ Grand Touring ” 
car by Jaguar Cars, Ltd. The new model is 
a two-seater derived rather from the “C” 
and “* D” type sports-racing cars than from 
the XK 150 coupé, and is streamlined even to 
the extent of having the headlights enclosed. 
The * E” type is based on a steel structure 
with the main torsion boxes forming the 
door sills, and either open or fixed head 
coupé bodies are available. 

The structure of the car, which follows 
the principles of the ““ D” type, comprises a 
main body, which is a stressed-skin weld- 
ment, with a front subframe bolted to it 
and all the fixed panels of the body welded 
on; because the exterior panels are all 
rounded, they make a major contribution to 
the stiffness of the structure. The sub- 
frame is fabricated from high-tensile square- 
section tube and, in order to facilitate manu- 
facture and repair, it is bolted up from three 
sub-assemblies, two triangulated side frames 
and a plane front cross-member ; any one 
of the three can be removed without the 
others. The stressed-skin structure can be 


conceived by reference to the accompanying 
drawing ; 


the torsional stiffness is contri- 


buted by two large longitudinal tubes, 
joined by a rear cross-member and by short 
vertical sections to the scuttle. The rear 
cross-member extends up to form a dia- 
phragm between the wheel arches, and the 
panel across the top of the arches is boxed in 
to support the rear suspension. Access is 
provided to the inside of all these tubes so 
that the inner surfaces are protected from 
rust by the phosphating and priming opera- 
tions ; the access holes are then closed. 

As the heading photograph emphasises, 
aerodynamic drag and yawing and pitching 
moments have been considered very early in 
the design, and hence the outer panels are 
generally of complex curvature ; these parts 
are shaped by stretch forming. The nose and 
the engine cowling above the level of the 
longitudinal tubes form one shell which 
hinges forward for access to the power unit 
and most of the other working parts ; since 
the angle of approach is only 21 deg. and the 
“bonnet”’ is hinged near to the front 
wheels, it lifts only through an acute angle 
a safety catch is provided against inadvertent 
opening. The hinged nose includes two 
ducts stretching back from the sides of the 
air intake, one sealing on to the intake of 
the heater-ventilator blower and the other 
ending in the vicinity of the combustion air 
intake. 

To the front of the tubular subframe are 





(Above) Diagram of body structure 


(Right) Rear suspension geometry, with subframe shown dotted. Lines AA do 


not define the suspension travel, but indicate the direction of camber change 
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attached the wishbones of the established 
Jaguar ball-joint independent front sys 

sion, with the torsion bars moustell i 
extensions of the lower wishbones to line 
them tc be removed. Rack and sialon 
steering gear gives 37ft turning circles an 
24 turns apart. y 

A subframe carrying the complete final 
drive and rear suspension is attached to the 
body structure by rubber mountings. As 
can be seen in the photograph of this major 
assembly, the rubber mountings are widely 
separated, and allow the body to be isolated 
from vibrations generated at the wheels by 
the torque impulses from the engine, the 
varying velocity ratio of the universal 
joints and so on, without sacrificing the 
accuracy of wheel location provided by 
lubricated pivots. The driving and braking 
forces are transmitted directly to the main 
structure by rubber-bushed links running 
forward from near the outer ends of the 
lower swinging arms. The geometry of the 
suspension can be distinguished in the part 
front elevation drawing ; a requirement at 
the earliest stage was that the roll centre 
should be high (though not, of course. as 
high as with a live or dead axle) in order that 
the loading of the two wheels should differ 
and the limit of adhesion be not reached 
suddenly. As is apparent, the subframe takes 
up a significant space in the transverse cross 
section, and the use of the drive shaft instead 
of a separate upper swing arm was adopted 
principally to eliminate any splined joints 
which cannot be expected to slide, least of 
all on the high-torque side of the Jaguar 
final drive. Both the universal joints and 
the wide-spaced pivots of the lower link 
(which has to maintain the attitude of the 
wheel in yaw) are lubricated through grease 
nipples. 

The roll axis of the car has of course been 
lowered by the change to independent rear 
suspension, and anti-roll bars, linked to the 
lower arms, are used at front and rear. The 
fact that all the wheels now move in roll 
with the body of the car has made it possible 
to ensure that, at least when the power is on, 
the rear wheels always reach their maximum 
cornering power before the front wheels. 
The handling is described as “ neutral,” Le. 
negligible static margin ; the weight distri- 
bution with one occupant is even on all 
wheels. Since the disposable load varies 
relatively little, the change in camber of the 
rear wheels with load is insignificant. 

The engine is the XK “S,” of 3-8 litres 
swept volume, fitted with three S.U. car- 
buretters ; alternative compression ratios 
are 8 and 9, and with the latter there is a 
maximum brake mean effective pressure of 
172 Ib per square inch at 4000 r.p.m. and a 
peak power of 265 h.p. at 5500 r.p.m. 

It may be worthy of recall that in the large- 
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bore engines the cylinder block casting is cut 
away so that the liners are, near the com- 
bustion chambers, partly “ wet.”” The usual 
gearbox with synchromesh on direct drive, 
third and second is used; the changes 
downward have ratios 1-283, 1-45 and 1-81. 
The final drive may be 2-93, 3-07, 3-31 
(standard) or 3-54. A limited slip differ- 
ential is used. The performance is, of 
course, extremely high for a road vehicle, 
the maximum speed being of the order of 
140 to 150 m.p.h. 

All wheels have Dunlop disc brakes, out- 
board at the front and inboard at the rear, 
llin and 10in in diameter respectively. The 
front and rear pairs are operated by separate 





Cooling fan and motor 


hydraulic systems (and the rear by a com- 
pensated handbrake linkage), the inputs to 
the two master cylinders being through a 
balance beam; since this compensator is 
mechanical it is necessary to use a servo 
with a mechanfcal output, and in fact the 
vacuum servo is mounted directly on the 
pedal bracket. A vacuum reservoir is 
provided. The two brake fluid reservoirs, 
but not that for the clutch, are fitted with 
electric low level sensors made in France by 
Lockheed ; when either reservoir is low, or 
the float has been depressed to test it, a red 
light appears in front of the driver—the same 
light is also on whenever the ignition is on 
and the handbrake is not pushed fully off. 
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Rear suspension and final 


drive assembled on sub- 
frame 
Several other unconventional electric 


devices are fitted. The cross-flow radiator is 
adequately cooled without a fan in normal 
running, but at low speeds a fan is necessary. 
Since the engine speed is usually very low in 
the conditions when the fan is needed—e.g. 
town traffic—a large step-up ratio would be 
needed if the fan were to be driven from the 
engine, and the drive would have to be 
declutched not only when the coolant tem- 
perature was not excessive but also as soon 
as the engine speed rose. Consequently 
there has been adopted a motor-driven fan 
which runs at 2000 to 3000 r.p.m.; the fan 
itself has two blades of constant section, 
seemingly untwisted, of very low pitch. It 
is started at 80 deg. Cent. and cut off at 
72 deg. Cent. 

A new design of fuel pump is used, an 
electric pump submerged in the tank and 


delivering continuously ; fuel in excess of 
TABLE 
Number of cylinders Six 
Bore 3-425in 87mm 
Stroke 4-1732in 106mm 
Capacity 230-64 37Bic« 
cubic inches 
Piston area —total 55-28 156-6 


square inches 
metres 


265 at 5500 


Maximum b.h.p. at c.p.m 
260 at 4000 


Maximum torque (ft. Ib) 


B.h.p. per square inch piston area 4-79 
Synchromesh Gearbox Ratios 
Top Ba 
Third 1-283: 1 
Second 1-86:1 


First and reverse 3-377 :1 


Suspension—-Front 
Castor angle 
Camber 
Alignment 
Suspension —-Rear 
Camber 
Alignment 
Road Wheels and Tyres 


14 deg-2 deg. pos. 


0 deg.—4 deg 
& in-hin toe-in 


| deg.-! deg. neg 
0 deg.—hin. toe-in 


Wheels Wire, knock-off, 
seventy-two spoke 

Tyres Dunlop 6°40 15 
type R.S. 5 with 
tubes 

Rolling radius (30 m.p.h.) 12:75in 


Tyre revolutions per mile 791 
Note Dunlop RS racing tyres available as optional 
equipment 
6-00 « 15 front 
6:°50~15 rear (on 
special wheels) 
Dimensions 


Wheel base Sft 
Track, front 4ft. 2in 
Track, rear 4ft 2in 
Overall length -~ 14ft 7 &in 
Overall width Sft. Siin 
Overall height 4ft Olin 
Road clearance (laden) Stin 
Weight Open Coupé 
Dry (Ib) 2464 2520 
Car complete with eil, water, 3 gallons 
fuel and driver (170 Tb) 
Performance Data —Coupe 
Compression ratio 9:1 
Axle ratio 3°31 1 
Barometer 29-78in Hg 
Weather conditions Wet 
Acceleration Through Gears 
0-60 .. 7-0 seconds 
0-100 m.p.h. 16-0 seconds 
14-8 seconds 


Standing { mile 
Top Gear Acceleration 


20-40 m.p.h. 5-2 seconds 
40-60 m.p.h. 5-0 seconds 
60-80 m.p.h. 5-3 seconds 

-100 m.p.h 5-7 seconds 
100-120 m.p.b 8-2 seconds 


square centi- 
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that needed by the engine is by-passed to the 
intake. The driving motor has a permanent 
magnet field and an insulated return lead : it 
runs at 2,9000 r.p.m. and develops up to 7 Ib. 
sq. in. pressure. A filter and water trap is 
fitted beside the engine, and with a pressurised 
fuel system there is no risk of imperfect air- 
tightness on the bowl immobilising the car. 

The electric controls are also unusual. 
The lights possess the usual rotary selector 
in the middle of the dashboard and a long- 
handled tumbler switch for dipping on the 
extreme off side of the fascia, but in addition, 
the headlights can be flashed by pressing the 
turn indicator switch (under the wheel on 
the off side) upwards. The horn button is in 
the centre of the wheel, while the remainder 
of the electric circuits are controlled by a 
row of two- and three-position tumbler 
switches all of which move in the pitching 
plane. Behind the central panel is the eight- 
fuse control box. The revolution counter is 
energised by a small tacho generator on the 
rear of the cam inlet camshaft. 

The rest of the equipment is conventional, 
with the exception that the universally 
jointed steering column has a small adjust- 
ment in rake as well as being telescopic. 
The fixed head coupé has a large opening 
panel incorporating the rear window which 
gives access to the space behind the seats, 
where the tools and spare wheel are stowed, 
and which can, save only for the need for 
rear Vision in the driving mirror, be filled 
with luggage. 


Technical Reports 


A Low Energy Beta Probe. (| 
Authority Research Report No. A.E.R.E.-M771. 
H.M. Stationery Office. Price 3s.—Present designs 
of probes for measuring surface contamination are 
unsatisfactory for the detection of low-energy beta 
emitters such as S** and C'*. A new design of probe 
(A.E.R.E. type 1667) has therefore been developed 
for such duties. It consists of a scintillation counter 
using a thinly deposited anthracene screen. The 
report describes the design of the probe and dicusses 
its detection sensitivity. 

Research, Information, Organisation in Atomic 
Energy : A World List of Institutions Concerned. 
General Publication No. 3/22 : Switzerland. General 
Publication No. 3/23: Netherlands. Published by 
International Atomic Energy Agency. Vienna 
Karntner Ring, ViennaI, Austria. Free on demand. 
Sections of the list of institutions concerned with 
atomic energy are issued at irregular intervals as 
information is received from member states. Its 
purpose is to foster and facilitate the exchange of 
nuclear information between scientists, engineers, 
research workers, and administrators 


Radioactive Fall-Out in Air and Rain U.K 
Atomic Energy Research Report No. A.E.RE.- 
R3358. H.M. Stationery Office. Price 7s.—Air- 
borne particulate radioactivity in the vicinity of the 
United Kingdom has been sampled for a number of 
years in the lower stratosphere, in the troposphere 
and at ground level. Measurements have been made 
of the total activity and of certain individual fission 
products. The results, reduced to monthly mean 
values, are tabulated and presented graphically 
From these data and from rainwater results previously 
published the following conclusions are drawn : 
(1) The usefulness of the total activity as a biological 
or meteorological parameter is limited. (2) The 
deposition of individual fission product activity by 
rain is a less consistent index of meteorological 
phenomena than the concentration of activity in air 
or in rain. (3) The concentration of individual fission 
product activity in rain is proportional to that in air 
in the troposphere and for short periods bears a 
simple inverse relationship to rainfall. (4) The 
seasonal variation of individual fission product 
activity observed in air and rain supports the view 
that this phenomenon has a meteorological origin 
(5) The concentration in air and rain of long lived 
fission product activity reached maximum values in 
1959 and have since decreased significantly. (6) From 
the ratios of certain fission products the proportion 
of new activity introduced by test explosions may be 
calculated for the latitudes of the United Kingdom ; 
the proportions are different for the troposphere and 
for the lower stratosphere. (7) From a simplified 
calculation of the stratopheric inventory, a rough 
estimate is made of the stratospheric residence time. 
The discussion of the results is summarised at the 
end of the report. 


K. Atomic Energy 
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TUNNEL LINING OF UNBOLTED CAST IRON SEGMENTS. 


JM 
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Tunnelling in London 


Clay 


Work on a \-mile length of twin tunnels for London Transport 
The tunnels are 


at Finsbury Park is now well advanced. 


heing built as a full-scale trial of new methods of construction 


ntended for the proposed Victoria line, if and when its 


construction is sanctioned 


highly practicable and very fast rates of progress have been 
The heading illustration (right) shows the cla, 


t is heing excavated, and the cutting arm and paddles 


achieved 


face as 


of the shield 


HE successful use of unbolted concrete 
Hapeemn as a method of lining tunnels 
driven in the London Clay is now well known, 
as a result of the 19-mile tunnel constructed 
by the Metropolitan Water Board between 
the Thames and the Lee Valleys*. Rather 
similar methods of construction have now 
been applied, with equal success, by London 
Transport for the tunnels of larger diameter 
needed for extension of London’s Under- 
ground system. This work has been con- 
centrated, as a full-scale trial, on a 1-mile 
length of twin tunnel now at an advanced 
stage of progress, at Finsbury Park. These 
twin tunnels are on the alignment of the 
proposed Victoria line, and thus could be 
incorporated in it, were authority to build the 
ine given Full-scale experience of the 
methods employed was, however, sought 
before committing them to the entire I14 
niles of the Victoria line. 

Two methods of construction have been 
tried out in these experimental tunnels, one 
using unbolted cast iron segments to line 
the tunnel, and the other unbolted concrete 
segments. Both methods utilise the “ drum 
ligge shield, and both involve placing a 
ring of lining in position and then forcing it 
to expand until it is tightly in contact with 
the clay, and has, in effect, a hoop compression 
‘prestressed * into it. Thus grouting is not 
vecessary 

[he work is being carried out to the 
requirements of Mr. C. E. Dunton, M.1.C.E., 


chief civil engineer of London Transport 
Executive. For the length of tunnels from 
Netherton Road (Tottenham) to Manor 


House which is built with cast iron segments 
n the lining, the consulting engineers are 
Messrs. Mott, Hay and Anderson and the 
contractor is Edmund Nuttall, Sons, and Co. 
(London), Ltd. For the length from Manor 
House to Finsbury Park, where concrete 
segments are employed, the consultants are 
Sir William Halcrow and Partners, and the 
contractor is Kinnear Moodie and Co., Ltd. 
The “drum digger” shields were built by 
Kinnear Moodie and Co., Ltd., and Arthur 
Foster Constructional Engineers, Ltd. The 
concrete segments are being made by Charles 
Brand and Co., Ltd., and the cast iron 
segments by four firms, namely the Stanton 
lronworks Company, Ltd. ; Head Wrightson 
lron Foundries, Ltd. ; Smith Patterson and 


*See Tue ENGinrer, Oct. 7, 1960, and several earlier articles. 


The new methods have proved 


Co., Ltd and the Anderston Foundry 
Company, Ltd 
Cast [RON LINING 
The drawings on page 422 show the 


“ drum digger ” shield and details of the two 
kinds of lining segments. In the case of the 
cast iron construction, there are six segments. 


each lin in thickness, forming every 2ft 
tunnel ring. One end of each segment is 
concave and the other convex, forming 


knuckle joints in the ring. The segments are 
put into place behind the shield when the 
rams are withdrawn, the two forming the 
invert being laid first, then the side segments. 
Finally, the segments forming the roof are 
manhandled into place and held by “ needles ”’ 
mounted at the rear of the shield. The 
segments are lifted by power hoists—one 
placed on each side just to the rear of the 
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shield—-but in the case of the cast iron 
segments it has been found as easy to man- 
handle them with the aid of a hoist, as to use 
any specialised manipulating gear. The two 
segments forming the floor of the tunnel are 
cast with small recesses at their upper ends 
and when the ring has been formed, a 
hydraulic jack is fitted into each recess and a 
force of IS tons per jack is applied, thus 
expanding the ring against the clay and 
creating a small gap between the side and 
invert segments. Into each of these gaps are 
placed, first, two cast iron knuckle-pieces 
shaped to conform to the contour of the 
segments below, and then two pairs of cast 
iron taper packings which hold the whole 
ring firmly in place when the pressure of the 
jacks is released. 

The segments have shallow interior ribs 
which are enlarged to form perforated lugs 





Erection of tunnel shield in progress. 


The shield chamber is lined with a bolted cast iron lining. 


The gear 
boxes are installed in the shield, and the temporary spider and trammeli used for erection are to be seen 
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spaced round the periphery of the ring for 
handling and to fix the railway equipment in 
due course, e.g. signal equipment and cable 
brackets, noise reduction screens, and tunnel 
lighting. The internal diameter of this type 
of lining, from rib surface to rib surface, is 
12ft 8in. This is somewhat more than is 


absolutely necessary, but the external dia- 
meter is the same as that required for the 
conventional bolted cast iron lining used 
where there are junctions, cross-passages, or 
other special features. 





The cast iron-lined tunnel from the platform behind 
the shield. Note the horizontal conveyor and slot 
in the stage, used for track laying 


The conventional lining, of 12ft internal 
diameter, has deep recesses which can be 
used to accommodate comparatively bulky 
signal equipment and other apparatus. The 
recesses in the flexible jointed cast iron lining 
are shallow, so that all equipment necessarily 
stands out from the inner surface of the tunnel 
lining. 

PRECAST CONCRETE LINING 

The precast concrete lining of the other 
half of the tunnels has an internal diameter of 
12ft 6in. The segments are generally 9in 
thick, but various thicknesses—from 44in to 
9in—have been tested. The final thickness to 
be used for the Victoria Line may be 6in. 

Each tunnel ring is made up of fourteen 
identical segments fitting together with 
knuckle joints similar to those used for the 
iron segments. The faces cf these joints are 
painted with bitumen. When the fourteen 
segments are assembled a gap of about 7in 
remains at the top. This gap is filled by a 
pair of reinforced concrete folding wedges 
having plane contact faces and concave and 
convex faces respectively in contact with the 
segments on each side. The wedge with the 
wide end nearer to the shield is driven home 
by a pair of small hydraulic rams while the 
other wedge is held in position. These two 
wedges hold the whole ring firmly in place. 
Each segment is cast with four holes which 
are used for handling and will also be used, 
with expanding bolts, for fixing tunnel equip- 
ment. The segments are handled by hoists at 
the working face, an expanding bolt placed in 
one of the holes being used to lift them. 
As each one is lifted, it is also pushed out- 
wards towards its correct position by a 
curved manipulator arm mounted at the rear 
of the shield and along which it slides ; 


when in position it is held in place by pull-out 
** needles ” until the wedges are driven home. 


THE ** DRUM DIGGER” SHIELD 


The shield for the concrete-lined tunnels 
has an external diameter of 14ft and that for 
the cast iron-lined tunnels, which is shown in 
the drawing, a diameter of 13ft lin. That 
for the 14ft diameter tunnels has an outer 
cylinder of 14ft external diameter and 9ft in 
length with its leading end bevelled to form 
a cutting edge. Within this cylinder is a 
7ft 6in diameter rotating drum S5ft 6in in 
length carried on two roller races and a 
thrust ring. The cutting teeth are mounted 
on six arms at the front of the shield, each 
carrying eight removable teeth, mounted at 
the outer edge of the drum, so that they cut 
the area in front of the space between drum 
and cylinder. The area in front of the drum 
is cut by teeth mounted on a removable arm 
across the diameter of the inner drum. The 
teeth may be replaced after hand mining a 
small cavity in front of the arms. The drum 
excavates by being rotated, in either direction, 
at speeds up to4r.p.m. Six hydraulic motors 
drive it through gearboxes, the drive pinions 
engaging the teeth of a large gear ring bolted 
to the drum which is well shown in the 
illustration of the shield being erected. 
The hydraulic motors are controlled by a 
valve within the shield. 

Forward movement of the shield is by 
fourteen hydraulic rams pushing against 
the last completed tunnel ring. These rams, 
which have a stroke of 2ft 8in and operate at 
a working pressure of about 2000 Ib per square 
inch, are individually controlled by an 
operator standing within the shield but behind 
the rotating drum; the control station is 
clearly shown in the drawing. The ram 
operator is provided with sighting guides 
so that he can correct the shield for line 
and level. 

The clay cut by the rotating teeth is guided 
by scoops and paddles into a hopper within 
the shield where it drops on to an inclined 
electrically-driven belt conveyor. This dis- 
charges onto the main horizontal belt con- 
veyor which carries the excavated clay back 
along a staging, from which it is discharged 
into skips on 2ft gauges tracks on each side 
of it. 

Under the conveyor staging is a 200 h.p. 
electric motor driving pumps to provide 
hydraulic power for the shield motors. A 
separate 124 h.p. electric motor supplies 
hydraulic power for the rams. At the sides 
of the conveyor belt, at the shield end, are 
electric hoists for handling the lining seg- 
ments. To the rear of the conveyor and the 
hydraulic power unit the tracks on each side 
of the conveyor converge into one and pass 
down a short ramp to join the main tunnel 
track. 

The whole of this apparatus from immedi- 
ately behind the shield to the rail ramp at 
the rear is mounted on an articulated trailing 
platform, attached to the rear of the shield 
and drawn forward as the shield advances. 
When the rams have pushed the shield for- 
ward the width of a ring of tunnel lining, 
i.e. 2ft, they are retracted. A ring is then 
built in the space between the last completed 
ring and the rear of the shield. When this 
has been completed the whole cycle 
recommences, the rams pushing against the 
newly-installed ring. 

Considerable heat is generated at the work- 
ing face and the oil in the hydraulic system is 
cooled by a heat exchanger. The cooling 
water is fed to the exchanger by piping from 
the shaft and on the return circuit is taken 
to the head of the shaft and passed through a 
cooler before being returned to the tunnel. 
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PROGRESS 


The experimental tunnels have now reached 
a stage where London Transport has Zained 
fairly complete assessment of the Pract 
ability of the new methods. In general mon 
they appear to be highly practical sad 
satisfactory and the official view jg that 
** several million pounds ” would be saved 9 
the Victoria line as a result of their use. The 
cost of the I-mile length of twin tunnel 
about £900,000. 

A striking aspect of this full scale trial 
has been the high rates of Progress 
achieved. The contractor driving the cag 
iron-lined section has just completed , 
934ft length of tunnel in two weeks, which js 
claimed as a world record for this class of 
construction. This rate corresponds to 34 
of tunnel per working hour, say 2 rings in 
approximately seventy minutes, or a cyck 
with twenty minutes of excavation plus 
fifteen minutes for placing and jacking the 
ring), and is about double the best rates 
achieved by conventional methods. The 
maximum rate of progress recorded jn 
twenty-four hours up to now has been 
88ft ; 60ft in three eight-hour shifts is not 
exceptional in good conditions. 

We understand that on the concrete-lined 
tunnel, the use of fourteen segments per ring 
as against six in the cast iron-lined tunnel, 
has been a factor tending to reduce the speed 
of construction, but with modification—the 





A section of the concrete-lined tunnel. The folding 
wedges at the key are well shown 


thickness of the lining may well be reduced to 


6in, and the internal diameter increased 
slightly—less segments per ring may be 
possible. Apparently no significant dif- 


ferences either in cost or practicability 
between the two methods have been found, 
and it is considered that they will both have 
a role to fulfil in the full-scale project. 

With these high rates of progress, setting 
out becomes a more onerous problem and 
must be constantly attended to, to keep up 
with the shield. The two methods employed 
to keep the respective shields to line and level 
are rather in contrast, and both are instruc- 
tive. On the one hand, simplicity has been 
the aim : the centre line is projected forward 
to a spot on the top of the shield; ** square- 
ness ” is checked by two scales trailing behind 
the shield on each side of the tunnel, which 
are read against offset marks made on the 
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by the setting-out engineers ; level is 
d forward by boning rods; and 
of the shield checked by a spirit 


lining 
ro} te ; 
horizontality 


vel. ; ; 
, the other hand, an optical system is 


ysed. A light is placed near the roof of the 
tunnel some way behind the shield, and a 
beam of light from it passes through two 
cruciform slits, all three being positioned 
such that the cross of light defines line and 
evel. This beam of light is reflected at the 
shield by two mirrors into a third mirror 
which is positioned just above the controls of 
the shield rams. There is a target with cross- 
lines on this mirror, and the operator con- 
trolling the rams then guides the shield so 
that the cross of light coincides with his target. 
The image defines the point towards which the 
shield must be driven (i.e. the first image is 1 8ft 
ahead in this case) so by aiming the shield 
at a precise position ahead of it, increased 
accuracy is gained. When curves are to be 
negotiated, the cross hairs of the operator’s 
mirror can be offset (for line or level) and a 
table of figures is given to him, corresponding 
to the offsets at given rings of the tunnel. 
Thus he adjusts his cross hairs according to 
the table, and simply drives the shield “* on 
target” all the time. The mirrors are cali- 
brated at the start of the drive. 


It has often beén said in the past that the 
high standard of accuracy demanded by 
London Transport in the construction of 
tube tunnels was one of the factors adding to 
the cost of the work. We understand that 
the customary order of accuracy has been 
maintained on this work, and it is considered 
that that criticism is not valid. 

One other aspect of the work should be 
mentioned. Certain lining rings have been 
instrumented by the Building Research 
Station to ascertain stresses and deflections, 
and in particular the effect of friction when 
the rings are expanded. The results of this 
work have not yet been analysed, but no 
large deflections have been observed. It is of 
interest that in one system a given jacking 
force is applied at two points, whereas in the 
other wedges of given size are driven home, 
which implies accurate control of diameter 
both of the ring and the excavation. The 
latter is achieved (in both systems) by fitting 
a lip on the cutting edge of the shield, which 
stands slightly proud of its cylindrical outer 
surface. This lip not only determines the 
exact diameter of the excavation, but also 
facilitates steering the shield, for only the lip 
is pressed against the clay in a steering 
operation, and not the whole length of the 
cylinder. 


Engineering Plastics 


AST week there was convened by the Du 

Pont Company (United Kingdom), Ltd., a 
seminar on “ Plastics in the Automotive In- 
dustry,” in which attention was drawn to the 
possibility of saving weight and, in high volume 
production, cost by the use of plastics parts, 
particularly mouldings, in place of metal. It 
was emphasised throughout that plastics were 
to be treated as an engineering material, the 
properties of which should be matched quanti- 
tatively to the duty and the environment in 
this connection, since plastics are often temper- 
ature limited. There was described an experi- 


ment made by Ford Motor Company in which a 
black car was stood in the sun in an ambient 
temperature of 120 deg. Fah; the top of the 
instrument panel behind the windscreen rose 
to 220 deg. Fah., while other parts of the panel 
reached 185deg-200 deg. Fah. For these tem- 
peratures the high-strength creep-resistant 
thermoplastic “* Delrin ”’ (see page 400, March 4, 
1960) alone was adequate. It was pointed out 
that a car might, if rejected at final inspection, 
pass through the paint ovens after completion 
and have to endure, say, 250 deg. Fah. ; this 
might be the design case for plastic components. 





Contemporary applications of ‘*‘ Delrin ’’ acetal resin in U.S. cars, trucks and buses include these parts. 
The 4 Valiant ’’ instrument cluster housing weighs 2 lb and replaces a zinc die-casting weighing 9lb: the 
associated parts remain unaltered, since ‘* Delrin ’’ will hold self-tapping screws, and the housing is painted 
and stoved at 250 deg. Fah. The instrument panel itself is in ‘‘ Lucite’ acrylic resin, clear in front of 


the. instruments and metallised elsewhere 
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The methods of design with thermoplastic 
materials were explained in some detail; the 
basic criterion used is strain, and Du Pont 
recommends a limit of loading in terms of the 
ratio of strain/stress to the gradient of the strain/ 
stress curve at the origin (in general no part of 
this curve will be straight); a figure of 1-15 
allows, it is reported, engineering formula based 
on stress/strain= E to be used with good accuracy. 
This limit corresponds to a strain of 0-85 per 
cent for nylon and 1-25 per cent for “ Delrin.” 
The tolerable stress is then derived for the 
appropriate conditions. A particularly interest- 
ing case is that involving creep; for these 
materials creep is not cumulative but, if it does 
not exceed the recommended amount, is re- 
covered in a period of about eight hours with 
no load. Thus a heater blower, for example, 
might have to endure 85 deg. Cent. for ten hours ; 
the design information will give a “* modulus ~ 
for this time and temperature for ** Delrin” of 
110,000 Ib per square inch, so that the permissible 
strain corresponds to a stress of 110,000 « 0-0125 

1400 Ib per square inch. 

A number of new materials was discussed at 
the seminar. One was a _ hydrolysis-resistant 
grade of nylon, “ Zytel * FE-2281, which will 





Petrol vapours tend to leach out organic lubricants 
and to deposit gums, giving rise to sticking of car- 
buretter throttles. This has been eliminated by the 
use of bearings of p.t.f.e., as shown here. A more 
radical solution that has not yet reached the production 
stage is to mould the carburetter body and throttle 
plates in self-lubricating *‘ Delrin’’ ; this not only 
lessens the problem of percolation (vaporisation of the 
fuel in a hot carburetter) but also, we are advised, 
reduces carburetter icing, possibly because the freezing 
water does not adhere to the acetal resin or because 
the latent heat is not conducted away 


stand continuous exposure to hot water and 
anti-freeze solutions. This material may permit 
the use of plastics to be extended from wind- 
screen washer tanks to cooling system header 
tanks. 

A material that has become virtually indis- 
pensable in engineering is polytetrafluoroethy- 
lene, the inert heat-resistant low-friction material 
developed by Du Pont as “Teflon” TFE 
The valued stability of this material forbids 
fabrication by moulding and renders bonding 
difficult, and there is therefore an obviously 
widespread application for the new fluorinated 
ethylene propylene, * Teflon’ FEP, which at 
temperatures of 550 deg-750 deg. Fah. can be 
extruded and moulded. Nevertheless, the new 
fluorocarbon can be used in temperatures up to 
400 deg. Fah. continuous (compared to 500 deg. 
Fah. for TFE) and down to ~—325 deg. Fah., 
and has all the chemical properties of TFE. 

A further development of the original TFE 
has been a sheet (or strip) form in which one 
face has been treated to enable it to be stuck. 





EFFLUENT AND WATER TREATMENT SECOND EXHI- 
BITION.—The Second Effluent and Water Treatment 
Exhibition and Convention is to be held at The 
Seymour Hall, London, W.1, from October 31 until 
November 3, 1961. The exhibition will be larger 
and more comprehensive than the first exhibition 
held last year. The convention will this year include 
papers from overseas experts in effluent and water 
treatment. The organisers are Thunderbird Enter- 
prises, Ltd., 140, Cromwell Road, London, S.W.7. 
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Committee on Scottish Water Power 


A STATEMENT was made 
Commons on Tuesday, March 7, by Mr. John 
Maclay, the Secretary of State for Scotland, 
about the Glen Nevis* scheme and _ hydro- 
electric development in Scotland. Mr. Maclay’s 
statement was as follows : 

‘It is eighteen years since the Cooper Committee 
submitted the Report which led to the setting up 
of the North of Scotland Hydro-Electric Board. 
Since then the Board has developed Highland 
water power resources effectively and with 
general approval. It has so far connected 92 
per cent of the present potential consumers and 
has brought great benefits to the area it serves. 
During these years there have been technical 
advances in other methods of generating elec- 
tricity and, while the relative cost of thermal 
generation is taken into account when individual 
schemes are under consideration, there has been 
no general examination of the whole subject 
since 1942. 

“The stage has now been reached where the 
basic issues involved call for careful and 
thorough examination in principle rather than 
in the context of a public inquiry into an indi- 
vidual scheme. I have, therefore, decided that 
the general interest would best be served by the 
appointment of a Departmental Committee 
which would review the general arrangements 
for generating and distributing electricity in 
Scotland, and | am glad to say that Mr. Colin H. 
Mackenzie, C.M.G., former chairman of the 
Scottish Committee of the Federation of British 
Industries, has agreed to act as chairman. 

** The other members of the Committee will be : 

Sir Josiah Eccles, deputy chairman of the 
Electricity Council ; Professor Alan Peacock, 
Professor of Economics at Edinburgh -Uni- 
versity; Mr. James Keyden, director and 
general manager, Pressed Steel Company, Lin- 
wood: Mr. James Craig, county clerk of 
Aberdeen; Mr. James Grant, editor of the 
Stornoway Gazette. 

“The Committee will have the following terms 
of reference : 

To review the arrangements for generating 
and distributing electricity in Scotland having 
regard to : 

(i) the availability and cost of hydro-electric 
power and of other sources of electricity ; 

(ii) the rate of increase in the demand for 
electricity ; 

(iii) the needs of the remoter areas ; 
and to make recommendations. 

“The appointment of this Committee will not 
preclude the simultaneous consideration of the 
specific objections which have been lodged 
regarding the Glen Nevis scheme and I am 
considering whether a public inquiry into these 
objections should be held at an early date. No 
final decision to proceed with the Nevis scheme 
would be made until the Departmental Com- 
mittee’s report had been received and considered. ° 


Institution Merger 


THe President of the Institution of Municipal 
Engineers, Mr. A. Hamilton, has written to all 
the corporate members of his Institution about 
the proposal that the I. Mun. E. should merge 
with the Institution of Civil Engineers. He points 
out that the recent postal ballot (see THE ENGIN- 
EER, February 29 last, page 275), showed a 
majority of 62 per cent of those members (of the 
1. Mun. E.) who voted, and 52 per cent of 
members as a whole were in favour of amalga- 
mation. His letter goes on : “ The charter and 
by-laws contain no provisions for voting by post. 
As any resolution prescribing a course of action 
for which Privy Council approval is necessary 
must have been passed in accordance with the 
charter and by-laws it is therefore necessary to 

* See THe ENGINFER, October 14 last, page 641. 


in the House of 


put the resolution to a special general meeting. 

“Your Council considered at great length 
whether the majority on the postal vote was 
sufficient to justify calling a special general 
meeting. Although that majority is such that 
there must be doubt whether the Privy Council 
would approve amalgamation it was felt that since 
an overall majority of members wish for amalga- 
mation the special general meeting must be 
called to vote on the agreement. 

‘A more definite decision at the special 
general meeting may go some way to reduce the 
doubt as to whether the Privy Council will 
approve the agreement for amalgamation. 
Unfortunately it is not possible to be specific as 
to what majority is required to obtain Privy 
Council approval. There is no legal minimum 
majority, and there has been only one previous 
amalgamation between two Chartered Bodies. 
It is not possible to seek an informal opinion 
from the Privy Council owing to the very nature 
of that body. 

“One thing, however, is certain. If the 
attendance at the special general meeting is very 
small the Privy Council will give little weight to 
the result of the voting at that meeting. For this 
reason your Council has decided that the delay 
between the result of the postal vote becoming 
known, and the annual conference is justified by 
the certainty that the largest possible number of 
members of the Institution will be able to attend 
if the special general meeting is held at the 
annual conference.” 

The annual conference will be at Brighton 
next June, and the special general meeting on 
June 13. 


Electronically Controlled Ignition 
System 


A NEW ignition system which is electronically 
controlled is being developed for racing engines 
by Joseph Lucas, Ltd., Great King Street, 
Birmingham 19. It is designed to overcome the 
foreseeable limitations of existing coil and 
magneto systems for multi-cylinder, high-com- 
pression-ratio, high-speed automotive engines. 
Considerations such as the mechanical design 
of contact breakers may restrict the operating 
speeds of existing ignition systems to about 400 
sparks per second for coil ignition and 500 
sparks per second for magnetos. Moreover, 
timing accuracy may be impaired to some 
extent by backlash or torsional oscillation in 
the drive mechanism and by wear in the moving 
parts. 

In the new Lucas system the accuracy of 
ignition timing can be maintained, since it is 
determined by an electromagnetic pick-up from 





Components of electronic ignition system for 
eight-cylinder engine with fixed ignition timing 


the flywheel. A spark rate of 1000 Per second 
corresponding to an eight-cylinder engine ryp 
ning at 15,000 r.p.m., is stated to be a Practical 
proposition. Basically ignition Liming is: fixed 
but automatic timing controls responsive to both 
engine speed and load could be Incorporated 
when required. 

The maker emphasises that this new system 
is still under development to meet the Possible 
ignition needs of advancing racing engine 
designs : for normal engines, such as those in 
standard production vehicles, the present ignition 
equipment is quite adequate, and will continue 
to be used. 

Briefly the components of the new Lucas 
equipment (as illustrated) consist of an electro. 
magnetic pick-up associated with pole pieces 
attached to the engine flywheel (or, for cop. 
venience, to a light wheel fitted to the opposite 
end of the crankshaft), a trigger amplifier (left), g 
spark generator (top) and a distributor. 

As the engine rotates, a voltage impulse js 
generated at the pick-up each time one of the 
accurately positioned pole pieces passes within 
its field. This pulse is applied to the trigger 
amplifier, which can be considered simply as a 
normally-closed switch allowing current to flow 
through the primary winding of a trigger trans. 
former. The voltage pulse causes this * switch” 
to open, whereupon current flow through the 
transformer primary ceases. The energy released 
by the resulting collapse of current induces a 
voltage in the trigger transformer secondary 
winding, and this in turn causes a current to flow 
in the base circuit of the spark generator unit, 
An associated transistor thereby becomes con- 
ducting, so that current flows in the primary 
winding of a high-voltage transformer. A 
regenerative oscillation is initiated, resulting in 
a very rapid increase in primary current, which 
gives rise to an induced voltage (more than 20kV) 
in the transformer secondary. This voltage is fed 
to a rotor arm and is distributed to the spark 
plugs in the normal way. Regeneration ceases 
when the transformer is saturated, and the 
transistor again becomes non-conducting. The 
complete cycle time for regeneration is less than 
200: microseconds. At the end of the voltage 
pulse at the pick-up, conduction again begins in 
the trigger amplifier circuit. 

In the equipment described here the running 
current is directly proportional to speed, rising 
from about 0-25A at fifty sparks per second to 
2-5A at 500 sparks per second—the inverse of 
the conventional coil ignition system. At low 
engine speeds, when the dynamo is_ probably 
not charging, the electronic system takes only a 
very small current from the battery. At higher 
speeds, when the system requires more current, 
the dynamo will be generating an output de- 
pending on the electrical load in use. 

[Reply Card No. E4263] 


Matching Transformers for 
Pulse Links 

THE effect of long lengths of coaxial cable on 
the performance of neutron-sensitive pulse 
counters—generally located a considerable dis- 
tance from the main pulse amplifier—is t 
reduce the voltage amplitude of the charge pulse 
at the amplifier input grid. This may be com- 
pensated for by using a head amplifier, but such 
an amplifier must be near the counter in order to 
maintain a good signal-to-noise ratio, and so It 
may be somewhat inaccessible. Plessey Nucle- 
onics, Ltd., Weedon Road, Northampton, has 
overcome this difficulty by using pu!se trans- 
formers to match to the cable. Since the coaxial 
cable then behaves as a transmission line, the 
loss in pulse height is reduced to that due to the 
normal r.f. attenuation in the cable, and it 5s 
unneccessary to use a head amplifier. The puls 
transformers are used in pairs, one fitted to the 
detector and the other to the main amplifier. 

[Reply Card No. E4264] 
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Low Pressure Boiler Burner Unit 


low-pressure boiler/burner unit, 
# Imperial ” is now being produced by D. E. 
ae Ltd., Hebden Bridge, Yorkshire. It 
yo specifically designed for installation 
-~ service calls are at a premium so that the 
ler will no longer have any difficulty in 
iting up OF have requests for urgent service on 
se ipment affected by draught variations. It is 
per that the burner is easily set to attain 
Oo t combustion and that one burner covers 
complete range without change of nozzle or 
y part. All controls are adjustable from out- 
ide the burner, while the oil input can be varied 
from + to 2 gallons per hour and the B.T.U. 
input is steplessly variable from 50,000 to 330,000. 
since this low pressure emulsifying burner can 
be adjusted from outside it is possible to set 
the burner to suit the boiler and to plot the 
tage of heat being lost to stack against 
the amount of oil being burned. The “ Imperial * 
will produce 12 per cent CO, throughout the 
burning range, and it is recommended that oil of 
thirty-five seconds Redwood viscosity should be 
ysed. There are eight sizes of the “ Imperial” 
purner available having outputs ranging from 
65.000 to 250,000 B.T.U. per hour and firing 
rates of from 0-53 to 2-22 gallons per hour. 


(Reply Card No. E4271] 
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Oil Production and Reserves 


AmonG the items discussed in the February 
News Letter issued by the Petroleum Informa- 
tion Bureau was that of oil resources, and it 
was noted that in the last fifty years the world- 
wide search for oil fields has resulted in the 
known quantity of oil being at a higher level 
than ever before. The difficuities of estimating 
reserves in terms of years are illustrated by the 
figures for 1938, when proven reserves were 
5,274 million tons with consumption 280 million 
tons per annum and therefore due to be ex- 
hausted in twenty years. By the end of 1950, 
despite greatly increased consumption, reserves 
stood at 12,759 million tons and while in the 
next decade about three-quarters of that amount 
of oil was abstracted the current reserves stand 
at 40,698 million tons. Among the factors 
responsible for the revaluation of reserves have 
been improved production techniques and the 
development of secondary recovery methods in 
which gas and water are injected to maintain 
pressure and assist maximum flow. 

During 1960 Great Britain imported about 
59,000,000 tons of oil, of which 75 per cent was 
crude oil, and exported 8,700,000 tons of refined 
products together with 4,000,000 tons of bunkers. 
France imported 33,000,000 tons and exported 
7,000,000 tons and now obtains increasing 
supplies from the Sahara, the amount now being 
23-6 per cent of the total imports. The high 
petrol content of about 40 per cent and low 
quota of heavy oils restrict the consumption of 
Saharan oil because of marketing difficulties. 
Production in the Middle Ea.t, it is stated, con- 
tinued to rise during 1960 and amounted to 
264 million metric tons, representing a level 
14-4 per cent above 1959. 


Freight Modernisation Scheme for 
Sheffield Area 


A MODERNISATION scheme concerned with 
freight handling is to be carried out in the 
Sheffield area at a cost of £9,000,000 by the 
Eastern Region of British Railways. Under 
this scheme there will be introduced a new 
marshalling yard and diesel depot at Tinsley 
and a freight concentration depot at Grimes- 
thorpe. When completed these installations will 
co-ordinate the work at present carried out in 
eleven marshalling yards, four goods stations 
and five motive power depots in the Sheffield 
area, 

Most of the marshalling work for the Sheffield 
area will be concentrated at the new yard and 
nine of the eleven existing small yards will be 
closed. The remaining two will be used for 
certain sectioning work which cannot be carried 
out in the new yard. The new diesel locomotive 
depot, which will be sited alongside the marshal- 
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ling yard, will enable five steam locomotive 
depots to be closed. The work now done at the 
Queens Road, Wharf Street, Bridgehouses and 
Wicker goods stations will be concentrated at 
the new freight depot at Grimesthorpe. A further 
scheme, still being developed, envisages the 
concentration on fewer stations of full wagon 
load traffic (mostly carted by traders) now dealt 
with at eleven other “ full load ” stations in the 
Sheffield district. 

The new yard at Tinsley is to be built on the 
north side of the Sheffield district line between 
Catcliffe and Tinsley, and at the present traffic 
level an average of 260 trains will enter or leave 
daily. Its main yard will contain forty-eight 
sidings and a secondary yard twenty-six sorting 


sidings. The diesel maintenance depot is to have 
twenty-four berths under cover to provide 
facilities for about 270 diesel main-line and 


shunting locomotives. A servicing depot with 
four berths will be equipped for washing, fuelling, 
lubricating, inspection and sanding of the diesel 
locomotives. The proposed new terminal at 
Grimesthorpe is to be conveniently sited both in 
relation to the main sources of traffic, and also 
to the new marshalling yard at Tinsley. It will 
handle approximately 2000 tons a day. 


Stainless Steel Exhibition 


AN exhibition showing the uses of stainless 
steel was opened at the Mayfairia Rooms, 
Bryanston Street, London, W.1, last week, and 
will remain open to the public until May 4. 
Sponsored by the Stainless Steel Manufac- 
turers’ Association, the exhibition brings to- 
gether the work of some 200 manufacturers of 
stainless steel products. The largest bulk users 
of stainless steel are the makers of domestic 
appliances and of motor-car “ trim,” and these 
products—particularly the former—occupy a 
considerable space in the exhibition. Stainless 
steel, however, is used in countless other ways, 
and of the 220,000 tons of rolled products 
produced in 1960, appreciable quantities went 
into the production of such things as food 
machinery, hospital equipment, architectural 
fittings, tools and jewellery, where the fine finish 
and corrosion resisting properties of the material 
are of prime importance ; and into the manu- 
facture of aircraft, nuclear and engineering 
components where the heat-resisting grades of 
stainless steel are needed. 

Since the exhibition is of finished products, 
production methods are not featured, but the 
range of goods shown is wide enough to include 
articles made by virtually all the present-day 
techniques. Hand-working, pressing, spinning, 
welding, casting and investment casting are all 
represented, and various components fabricated 
from roll-formed sections are shown. Different 
finishes, too, are well represented, from the bright 
polish commonly used on cutlery and domestic 
ware to the satin finish which is now equally 
popular for such products and to the descaled 
finish used on engineering components where 
appearance is of secondary importance to 
physical and chemical properties. 


The Tyne Tunnel 


Tue Tyne Tunnel Joint Committee, acting on 
behalf of the Northumberland and Durham 
County Councils, has invited tenders for the 
construction of the main bore of the new vehi- 
cular tunnel under the river between Wallsend 
(Northumberland) and Jarrow (Durham). The 
Minister of Transport is making grants and 
loans amounting to £9,500,000 towards the total 
cost of the tunnel and its approaches, estimated 
at about £12,500,000. 

Tenders for so large a project, the Ministry 
states, will take some time to prepare, but it is 
hoped that they will be submitted in time for a 
contract to be let by August and for work to 
start soon afterwards. The whole project will 
take about five years to complete. 

A 24ft wide carriageway will be contained 
within a tunnel 31ft 3in in diameter, connecting 
the riverside routes on both banks. New dual- 
carriageway approach roads will lead from the 
entrances to the Gateshead-Sunderland Trunk 
Road (A.184) in the south and to the Newcastle- 
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Tynemouth Coast Road (A.1058) in the north. 
Extensions of these approach roads are planned 
to join the Great North Road (A.1) south of 
Gateshead and north of Newcastle upon Tyne, 
so as to provide a by-pass round the east side of 
the main Tyneside urban area. Other routes will 
connect the tunnel and its approaches with the 
industrial areas of south-east Northumberland 
and north-east Durham. 

Construction of a tunnel on the present line, 
together with two smaller tunnels for pedestrians 
and cyclists, was authorised by the Tyne Tunnel 
Act 1946 (see THE ENGINeeR, June 13, 1947) 
The two smaller tunnels were completed and 
opened to the public in 1951, but the rest of the 
scheme was deferred because of restrictions on 
capital expenditure on major road works. 

In 1958, the Minister of Transport agreed to 
the scheme proceeding provided that part of the 
cost was recovered by charging tolls. Detailed 
design of the tunnel was amended by the con- 
sulting engineers, Messrs. Mott Hay and Ander- 
son, to enable the main bore to be driven through 
bedrock under the river, thus avoiding bad ground 
discovered during construction of the smaller 
tunnels, and also to enable toll-collecting areas 
to be provided at each entrance. Authority for 
these amendments and for the charging of tolls 
was given by the Tyne Tunnel Act 1960. 


Lloyd’s Register Annual Report 


A REPORT for 1960 has been issued by Lloyd's 
Register of Shipping and opens with the recording 
of the Duke of Edinburgh’s acceptance of election 
as Honorary Member of the General Committee. 
There is reference to the work of the Safety of 
Life at Sea Convention 1960 and the issue of 
Provisional Rules for the construction of nuclear- 
powered ships, while the Land Division pub- 
lished its ‘ Provisional Requirements for the 
Survey of Pressure Components for land based 
Nuclear Installations.” Other items in the section 
dealing with rules and regulations record ; 
the acceptance of the reduction to five of the 
number of grades of ship steel, the major revision 
of rules for electrical equipment, the study of 
anchor chain cable, the preparation of the 
** Provisional Rules for Liquefied Gas Carriers” 
and the issue of the new publication ** Geometric 
Properties of Rolled Sections and Built Girders.” 
Of the 109 new ships of 20,000 tons gross and 
above, the report states that fifty-two were 
completed under the supervision of Lloyd's 
Register and particulars of several ships are 
given, as are also those of a number of liners 
and large tankers presently completing. 

In the ship design section it is noted that in 
the twelve months ended June, plans had been 
approved for 2,700,000 tons of new ships which 
included many single-deck bulk carriers and 
conversions from tankers to bulk carriers. Out 
of the world merchant fleet of 36,311 ships of 
129,769,500 tons gross, 11,027 ships of 54,581,738 
tons gross, it is stated, hold the Society’s classifi- 
cation. The completion of the test bed trails of 
a ten cylinder Burm_-ister and Wain large bore 
engine of 21,000 b.h.p. is noted and the installa- 
tion of a large bore Gotaverken engine in a large 
tanker. The new Doxford engine is also men- 
tioned, as is the free piston gas turbine machinery 
of the ** Rembrandt ° built by Smith’s Dock Co.., 
Ltd. A general reference to torsional vibration 
is followed by notes concerning engineering 
investigations and explosions and fires in ships 
and the formation of a Tanker Safety Panel. 
There is a brief analysis of the a.c. installations 
in ships and a note upon the great increase in 
refrigerated cargo capacity, together with refer- 
ence to tonnage oxygen and the approval of 
seventeen steelworks. 

Work concerned with nuclear power stations 
at home and abroad has engaged the attention of 
the Land Division, which has also carried out 
inspection work in chemical plant, refineries, 
water turbines and pressure plant in a number of 
countries. In the section entitled ** Around the 
World” the report includes items from surveyors 
reports, from countries in all continents, which 
illustrate the extent and the wide range of work 
undertaken by the Society and its surveyors. 
The report includes membership of committees 
and concludes with statistical tables and certain 
graphical analyses. 
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Major Chemical Plant Contracts in 
the U.S.S.R. 


Two contracts worth more than £2,000,000 
have been awarded to a company known as 
Wycon Services, Ltd., formed by Fisons, Ltd. 
and Constructors John Brown, Ltd., for the 
design, supply and commissioning of two major 
chemical plants for the USSR by Techmashimpont 
of Moscow. The work will be executed by 
Constructors John Brown, Ltd., Whiffen and 
Sons, Ltd. (the industrial chemical subsidiary of 
Fisons, Ltd.), and Fisons Pest Control, Ltd. 
The contracts have been awarded on a cash 
payment basis. 

One plant is for the production of dinaethylol 
ethyleneurea. DMEU is used in the manufacture 
of “ drip-dry ” fabric ; it is stated to “ include 
a high degree of automation,” and to have a 
production of 12,000 tons per annum. This 
contract is worth over £750,000. 

The other contract is for a plant to produce 
4,200 tons per annum of ** MCPA,” a hormone 
weedkiller substance widely used in many 
countries including Britain. This contract is 
worth over £1,250,000. 

[Reply Card No. E4281] 


Low-Loss Fluorescent Lighting 
Circuit 
DEVELOPMENT of a form of filament enabling 8ft 
fluorescent tubes to be operated with an argon 
filling at lower pressure, while retaining accep- 
table maintenance of light output and life, forms 
the basis of a system of fluorescent lighting 


announced by Atlas Lighting, Ltd., Thorn 
House, Upper St. Martin’s Lane, London, 
W.C.2, and Ekco-Ensign Electric, Ltd. In this 


system, known as the “ Super-8,” two 8ft tubes 
rated at 85W are used connected in series. 
Both are operated by a single control unit 
comprising a _ switchless-start transformer, a 
sequence starting capacitor, and a choke ballast 
in series with a capacitor, as shown in the 
accompanying diagram. 

An effect of the lower gas pressure in the tubes 
(2mm as against nearly 3mm normally) is to 
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Control circuit for two 8ft, 85W fluorescent tubes 





give a higher initial lumen output. With a 125W 
rating as in the usual 8ft tube, however, the 
variation from initial output to output after 
5000 hours would be greater than is acceptable 
in modern lighting practice. Reducing the rating 
to 85W narrows the difference between the initial 
and 5000-hour figures, while the filament design 
counteracts the tendency of the lower pressure to 
reduce the tube life. The new tubes have a rated 
life of 5000 hours, an initial light output (white 
tube) of 6900 fumens, and an average through 
life of 6300 lumens. 

When the supply is switched on, a glow 
discharge is initiated in each tube in turn by the 
action of the starting capacitor. The discharge 
changes to the arc state as soon as the filaments 
reach emission temperature, and the combination 
of choke and capacitor in the operating circuit 
with inductive leakage into the transformer 


primary results in running at almost unity power 
factor. Total gear wattage loss for the two tubes 
is 35W, and the total cunsumption of 205W at 
0-95 p.f. corresponds to 216VA. On a 240V 
supply, therefore, the current for a twin-tube 
fitting is 0-9A, enabling such a fitting to be 
substituted for a 5ft 80W_ twin-tube fitting 
without increasing the current loading on the 
installation cables or switchgear, but giving up 
to 50 per cent more light output. 


[Reply Card No. E4282] 


Demonstrating Closed-Circuit 
Television 


DEMONSTRATIONS Of closed-circuit television 
equipment and a hire service for covering special 
events are both provided by a specially-equipped 
vehicle now being operated by Rank Precision 
Industries, Ltd., 37-41 Mortimer Street, London, 
W.1. The vehicle, a Bedford coach with Duple 
body, carries cameras and control equipment 
from the Dage range, marketed outside the 
U.S.A. by the G.B.-Kalee Division of Rank 
Precision Industries, Ltd. Several cameras with 
** Vidicon ” tubes were shown at a demonstra- 
tion on March 13, embodying facilities covering 
a range of industrial application and price re- 
quirements. Models with electronic viewfinders, 
and automatic compensation for light variation 
by feedback from the tube target, are available, 
as well as a compact design for use in a fixed 
location. The range also includes an orthicon 
camera suitable for scientific and medical work 
such as transmission of pictures from an image 
intensifier. All cameras are self-contained and 
require only a mains connection and a coaxial 
cable to a monitor. Distances up to S000ft can 
be covered without further amplification. Came- 
ras can be equipped with waterproof housings 
having windscreen wipers and_ thermostatic 
control of temperature. 

At the demonstration, pictures were received 
on Bush 2lin commercial monitors operating 
on 625 lines but similar in appearance to the 
corresponding range of domestic receivers. A 
cable link was used at the demonstration but 
attention was drawn to the fact that microwave 
frequencies can be made available for industrial 
TV links where other methods are impracticable. 
Slow-scan cameras are also available, enabling 


pictures to be sent over ordinary telephone 
lines. 
The apparatus in the coach as _ illustrated 


provides control facilities for transmissions of 











of closed-circuit 
television demonstration 
vehicle showing control 
desk with monitors (left) 
and telecine equipment in 
background 


Interior 






















————____ 


studio standard using three cameras 

individual channel monitors are seen in the 
illustration, with the outgoing picture Monitor 
above them. This comprehensive assempy of 
equipment has been provided for Occases 
when the coach is hired for covering mn 
events where only a small proportion of om 
could witness the proceedings direct, : 

[Reply Card No. E4283] 


Marine Engineers Annual Dinner 


Asout 1400 members and _ their guests 
attended the fifty-eighth annual dinner of the 
Institute of Marine Engineers, which was held 
on Friday, March 10, at Grosvenor House 
London, with the President, Viscount Simon 
in the chair. His Excellency Monsieur Gunna 
Haggolf, the Swedish Ambassador, proposed the 
toast of “* The Royal and Merchant Navies of 
the British Commonwealth” and commented 
that the British Navy had never fought the 
Swedish Navy and also recalled the signing of a 
treaty of friendship in 1654. He went on to 
refer to the part played by the Royal Navy in 
maintaining the balance of power in the Baltic 
and elsewhere and to the leading réle of the 
British Merchant Navy in shipping matters. 
On this question of merchant shipping he sup. 
ported the need to co-operate with Great Britain 
in establishing fair conditions of trading. In 
his reply, Lord Carrington, the First Lord of 
the Admiralty, said that it was naval auxiliaries, 
manned by merchant navy personnel, which 
maintained the Royal Navy in being and so 
enabled it to guard the supply routes. Lord 
Carrington also proposed the toast of “ The 
Institute of Marine Engineers.” He stressed 
the prestige of being in the forefront of new 
developments, and linked this with the whole 
question of the training of young engineers. 
The Chairman replied and took the opportunity 
to review recent developments relating to the 
Institute. Last year, he said, a record number of 
1325 new members was enrolled to raise the 
total membership to over 14,000, while in 
Canada, a division consisting of five sections 
had been established. A section had been formed 
in the Eastern Seaboard of the U.S.A. and in 
this country the North Midlands and Devon 
and Cornwall sections had been brought into 
being. Further expansion was planned in India 


and Pakistan and Lord Simon referred to the 
International Conference to be held in London in 
1962, announcing that the Duke of Edinburgh 
had agreed to be President in that year. 
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Acid Pump 


lined centrifugal pump for hand- 
ids has been designed for ease 
Transport and Chemical 
Barrhead, Scotland, and 
new company, Transkem 
Sunlight House, Quay Street, 
As can be seen from the illustra- 
he pump is split vertically and 


A CERAMIC 
jing corrosive liqu 
of maintenance by 
Equipment, Ltd., 


is marketed by a 
pumps, Ltd., 
Manchester, 3. 
tion the casing Of | 





Ceramic-lined pump for corrosive liquids, with rear 
casing disconnected and swung round for inspection 
purposes 


its front part is cast integrally with the inlet and 
outlet flanges and supporting feet. 

The rear half of the casing carries the impeller 
shaft and bearings and is bolted to the bedplate. 
For inspection or maintenance purposes the 
motor coupling can be disconnected and the 
bedplate bolts removed, so that the complete 
rear half can be swung round to expose the 
impeller without need for disturbing the bearing 
arrangement or disconnecting the pipelines. 
Retaining lugs are used to locate the rear casing 
axially so that there is no direct contact of the 
ceramic components. End float of the shaft is 
adjusted through a split threaded collar on the 
shaft. 


[Reply Card No. E4291] 


Simple Geiger Counter 


A simpLe form of Geiger counter known as 
the “ Amatron” portable radiation monitor, 
built to a design approved by the A.E.R.E. 
Harwell, has been produced by Photoelectronics 
(M.O.M.), Ltd., Oldfields Road, Sutton, Surrey. 
The unit is designed to be suitable for teaching, 


demonstrating, and showing the presence of 


beta/gamma emitting elements. Low energy 
beta radiation can be monitored by changing 
the Geiger-Muller tube. Visual and audible 
means are provided for indicating contamination 
by use of a large neon tube and 24in loudspeaker. 
Provision is also made for using an external 
meter (0-500 uA. d.c.) or connecting up to an 
amplified loudspeaker system. The Geiger- 
Muller probe is separate and attached to the 
main unit by 6ft of co-axial cable. The monitor 
is either battery or mains operated. 

Radiation from an external source ionises 
the gas in the Geiger-Muller tube which gives 
out a pulse large enough to trigger the neon 
Circuit. The neon in turn supplies a pulse which 
gives an audible signal in the loudspeaker for 
each count. When the meter is inserted into the 
circuit by means of the jack plug, the current 
through the neon circuit is maintained and since 
this current is proportional to count rate, the 
scale of the meter can be suitably calibrated. 

_ The probe consists of a Geiger-Muller tube fitted 
into an octal valve base and contained in a 
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protective sheath. In the sheath there are also 
a condenser and a resistor fitted in series with 
the co-axial cable. To facilitate replacement, the 
tube and components are fitted to a base piece 
which can be completely withdrawn from the 
sheath. The probe is normally stored in a clip 
fixed on the side of the main case. 

The main unit also contains the following 
items of equipment : the neon indicator, which 
projects from the front by about 4in to give good 
visibility, and is protected by a metal guard ; a 
loudspeaker and transformer ; a jack socket for 
meter connection ; and a battery or mains unit, 
as required. 

[Reply Card No. E4292] 


Towing Carriage for Experimental 
Tank 


Nor many years after the dismantling of 
Froude’s tank at Torquay and the building of 
a new tank by the Admiralty at Haslar, an 
Experimental tank was constructed at the 
Clydebank Shipyard of John Brown and Co. 
(Clydebank), Ltd. This tank, which has a length 
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chosen for the constructional material to meet 
strength requirements in association with limi- 
tation of weight. James Booth Aluminium, 
Ltd., supplied the material and the whole 
structure was electrically welded using the 
Argonarc process. Our illustration shows the 
general design of the carriage which is driven 
by four 5 h.p. electric motors, each mounted 
above a driving wheel and driving through a 
Renold duplex chain. Each driving wheel unit 
is fitted with Dunlop disc brakes operated from 
one master cylinder and solenoid. For emergency 
braking there are separate manual units fitted on 
the rear wheels. The power supply is based 
on the Ward-Leonard loop system connecting 
a shore-mounted motor generator with the four 
carriage driving motors in series. Speed control 
is by the regulation of the voltage of the gene- 
rator, the excitation of which is by means of a 
magnetic amplifier. By this means the operator 
can pre-set the main speed control potentio- 
meter at any final speed, automatic acceleration 
being obtained by closing the main contactor. 
Current of 240V a.c., 270V d.c. and 12V d.c. is 
supplied through a grid of eleven overhead 
wires, the pick-up being through miniature 





Light alloy towing carriage for ship model experimental tank 


of 400ft, a breadth of 20ft and a depth of about 
10ft, was designed on the basis of the Froude 
tank at Haslar and installed in 1903 and thus 
was one of the earliest of the privately-owned 
model basins. Since being put into service the 
work of the tank has been expanded and from 
1909 model propellers, suitable for carrying 
out experiments in association with ship models 
200in in length, have been made and tested. At 
a later date special equipment was designed and 
installed to enable 24in diameter model propellers 
to be tested in the open so as to establish open 
efficiencies. Another addition to the equip- 
ment has been the installation of a wave maker. 
The first model run in the tank was that of the 
first ** Caronia,” launched in 1904, while other 
Cunard liners among the many famous ships 
which had their hull form designed upon data 
provided by the tank include the “ Lusitania,” 
‘** Aquitania,” and the two ‘ Queen” liners. 
Besides private work, experimental investigations 
have been carried out in recent years on items 
forming part of the research programme of the 
British Shipbuilding Research Association. 

R. E. Froude designed the original wooden 
carriage which, it is estimated, has travelled a 
distance of 21,000 miles in the course of carrying 
out about 150,000 experiments. This carriage 
has now been replaced, as part of the scheme to 
modernise the facilities of the shipyard, by a new 
unit which has been built of aluminium alloy. 
The new carriage has been designed by the tank 
staff and built in the shipyard, light alloy being 


trolley boom collectors. Push-button controls 
are provided and an automatic cut-off stops the 
carriage at the end of a run. The electric equip- 
ment was supplied by The English Electric 
Company, Ltd. 


Launches and Trial Trips 


Sepia, oil tanker ; built by Cammell Laird and 
Co. (Shipbuilders and Engineers), Ltd., for Shell 
Tankers N.V.; length overall 817ft 9in, breadth 
moulded 112ft 6in, depth moulded 57ft 9in, summer 
draught 42ft 6in, deadweight 65,500 tons, service 
speed 16} knots; forty-two cargo oil tanks, one 
main pump room; two 600kW turbo-alternators, 
one 125kW diesel-driven alternator, one set of two 
casing, double-reduction geared turbines ; 22,000 
s.h.p.; two Babcock and Wilcox water-tube boilers 
supply steam at 600 lb per square inch gauge and 
900 deg. Fah. Launch, February 17. 


STIGSTAD, oil tanker ; built by Burmeister and 
Wain for Dampskibsaktieselskabet International ; 
length between perpendiculars 163-065m, breadth 
moulded 21 -894m, depth moulded 12-217m, draught 
9-395m, deadweight 19,950 tons, trial speed 15-5 
knots ; twenty-seven cargo tanks, one cargo pump 
room, three 650 tons per hour cargo pumps and two 
75 tons per hour stripping pumps ; three 212kVA 
diesel-driven generators, one 93kKVA_ steam-driven 
generator, two water-tube boilers ; Burmeister and 
Wain turbo-charged, single-acting, two-stroke diesel 
engine, seven cylinders, 740mm bore by 1600mm 
stroke, 8750 b.h.p. at 115 r.p.m. Trial, January. 
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Iron and Steel 


The production of steel during Febru- 
ary was at an average rate of 485,300 tons 
a week, the Iron and Steel Board states, 
which was | per cent greater than in February, 
1960. Pig iron production, at 302,400 tons a 
week, was only very slightly higher than in 
February, 1960. Although output in Febru- 
ary remained below the high rates achieved 
during the autumn of 1960, it was neverthe- 
less consistent with a production of between 
24,000,000 and 25,000,000 tons which is the 
expected result for the full year. Output 
was limited at some works, the Board 
states, by a weakening in the demand for 
steel sheet and also by a seasonal fall in 
requirements of tinplate. 

During the fourth quarter of 1960, the 
Board says, consumers’ and merchants’ 
stocks of finished steel rose by 270,000 tons, 
thus continuing the strong upward trend in 
stocks which was evident during the first 
three quarters of the year. 

According to the annual review of capital 
expenditure in the iron and steel industry, 
expenditure during 1960 amounted to £146 
million, nearly 50 per cent more than in 
1959. A further substantial increase in 
expenditure is expected in 1961. The 
increased rate of expenditure, the Board 
states, largely results from the work on the 
new wide strip mill plants in Wales and 
Scotland. 


Construction Accidents in 1960 


Speaking at the annual dinner of the 
London Building and Engineering Con- 
structors’ Accident Prevention Group in 
London last week, Mr. Peter Thomas, Parlia- 
mentary Secretary, Ministry of Labour, said 
that in the last seven years one man in ten 
in the construction industries had been badly 
hurt, and that in the last six years one man 
in 1000 had been killed. Provisional figures 
for the industries, he added, painted a 
** distressing and melancholy picture.” They 
showed, Mr. Thomas said, that in 1960 
there were 20,596 reported accidents—over 
2000 more than in 1959—and that fatalities 
had increased by sixty-five. These figures 
were higher than ever before, he pointed out, 
and amply illustrated the point that more 
could and must be done if this grave problem 


was to be energetically and_ successfully 
tackled. 
Reported accidents in all premises to 


which the Factory Acts apply totalled more 
than 190,000 in 1960, an increase of nearly 
16,000 over the previous year. There were 
665 fatal accidents reported during the year, 
compared with 598 in 1959. According to 
the British Productivity Council, the cost of 
accidents to industry generally was 19,000,000 
man days, and about £100 million in lost 
production each year. 

Mr. Thomas went on to say that there 
were firms in the construction industries with 
outstandingly good safety records, but unfor- 
tunately, he added, there were still not 
enough of them. In this field, he continued, 


it was all too easy to leave the work and 
responsibility to the few enthusiasts who were 
prepared to devote time and money to the 
He deplored 


pursuit of higher standards. 


the fact that there were not more groups like 
the London Building and Engineering Con- 
structors’ Accident Prevention Group, and 
that the membership of those that did exist 
did not cover anything like the proportion 
of firms which had to be brought into the 
movement if this increasingly serious problem 
was to be solved. 


Employment 


The Ministry of Labour announces 
that during January, 1961, the number of 
people in civil employment in Great Britain 
is estimated to have fallen by about 29,000 
to 23,682,000. A reduction in the number of 
women in employment accounted for most 
of the change. The main reductions, the 
Ministry points out, were of 36,000 in the 
distributive trades and 15,000 in agriculture 
and fishing. In the manufacturing industries, 
the number of people employed rose by 
14,000, this total including increases of 9000 
in the engineering and electrical goods 
group, 2000 in metal manufacturing indus- 
tries, 1000 in shipbuilding and marine engin- 
eering and 1000 in the metal goods group. 
In the vehicle manufacturing industry the 
number of people employed dropped by 
3000. The January, 1961, figure, the Ministry 
says, is about 350,000 higher than the corres- 
ponding figure for the number of people in 
civil employment in January, 1960. 

In its report, the Ministry of Labour states 
that the number of operatives working short- 
time in the manufacturing industries in the 
week ended January 28, 1961, was 154,000, 
which was 15,000 more than at the end of 
December, 1960. The largest increases in 
short-time working were of 15,000 people 
in the motor vehicle sector and 6000 people 
in the cycle sector of the vehicle manufactur- 
ing industry. 


Engineering Studies in Secondary Schools 


The London County Council has 
published a pamphlet entitled ** Engineering 
Studies in Secondary Schools *’ which states 
that within the next two or three years 
approximately ninety London _ secondary 
schools will be offering engineering courses 
for pupils up to the age of fifteen-plus. 
Forty-seven of these schools will also offer 
courses for pupils up to sixteen—seventeen 
years of age and twenty-seven of them will 
offer advanced courses for pupils up to the 
age of seventeen-eighteen. The pamphlet, 
which has been prepared by L.C.C. inspectors 
for the guidance of teachers, discusses the 
organisation of courses in which engineering 
is a special study, and suggests that courses 
should be of three kinds. First the course 
for the potential craftsman, the possible 
future City and Guilds of London Institute 
Certificate student, which would be suitable 
for certain boys and girls in secondary schools. 
Second, the course for the potential tech- 
nician, the boy or girl who can pass in four 
subjects at ““O” level, the future National 
Certificate student ; and, third, the course 
suitable for the boy or girl who can study the 
required subjects to the highest level and 


then proceed either to a university of tg 
senior technical college to read for a saad 
nised professional qualification. Such pupil 
the pamphlet says, the potential technologists 
generally would require certain subjects at 
“A” level after having passed the appro- 
priate ““O” level subjects. The pamphlet 
goes on to discuss the syllabus of engineerin 
courses, relations with technical Colleges 
industry and the youth employment service 
and engineering courses for girls. 

The inspectors emphasise that there must 
be suitable engineering courses for the whole 
range of ability and especially for the mos 
able, since there is now an urgent and 
increasing national demand for graduate 
engineers of the very highest quality. 

A method of transfer of craft pupils from 
secondary schools to technical colleges jg 
suggested in the pamphlet. The Education 
Committee has decided to authorise the 
award of certificates on the satisfactory com- 
pletion of a five-year course to pupils who 
have taken engineering as a special study to 
the age of sixteen-plus with a view to entering 
a technical college. It is thought this will be 
valuable, the pamphlet says, in assisting 
Principals of Colleges of Further Education 
to select students for the Ordinary National 
Certificate and for City and Guilds of 
London Institute courses, and might well be 
a useful method of assessing whether a 
student could be excused from taking a 
preliminary course for either of these. In 
order to achieve this, the pamphlet adds, a 
Board of Assessors for Engineering Studies 
has been established. 


Monopolies and Restrictive Practices 


The twelfth report on the operation of 
the Monopolies and Restrictive Practices 
Acts, 1948 and 1953, covers the calendar 
year 1960. It records that the Monopolies 
Commission has nine members, of whom the 
chairman is Mr. R. F. Levy, Q.C., and a 
staff of thirty-three. 

During 1960 there was published the 
report of the Commission on the supply of 
chemical fertilisers ; in pursuance of the 
Commission’s recommendation that the 
Government should seek methods to 
strengthen the bargaining powers of con- 
sumers in this country, the Board of Trade 
have consulted buyers of potash and found 
that the general view is that the balance of 
advantage would be against closer integra- 
tion of purchasing. 

Work continued on a report on the supply 
of cigarettes and tobacco and of cigarette 
and tohacco machinery. There were before 
the Commission references to the supply of 
electrical equipment for mechanically pro- 
pelled land vehicles and the supply of petrol 
within the United Kingdom. 

There have been suggested to the Board 
of Trade for reference to the Commission, 
among others, the following : beer, wines, 
spirits and mineral waters to tied houses and 
off-licence premises ; bicycles ; _ biscuits; 


cartridges ; copper; mewspapers ; news 
print; photographic materials; razor 


blades ; sewing machines ; telephone equip 
ment ; wallpaper: wood screws ; woven 
wire ; zinc. 
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PERSONAL AND BUSINESS 
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Appointments 


Tarmac, Ltd., has appointed Mr. W. N. Cook a 
director of Tarmac Civil Engineering, Ltd. 

Mr. A. F. THOMAS has been appointed by the 
Delta Metal Company, Ltd., as an assistant managing 
director. 

G. ano J. WEIR HOLDINGS, Ltd., announces the 
appointment of Mr. J. W. Atwell as an additional 
director. 

Foster YATES AND THOM, Ltd., has appointed 
Mr. George Barrett as works manager at its Black- 
burn factory. 

Tue SteeEL COMPANY OF WALES, Ltd., states that 
the Rt. Hon. the Viscount Amory has been elected 
a director. 

Expert INDUSTRIAL CONTROLS, Ltd., has announced 
two managerial appointments, Mr. H. J. Wigner as 
sales manager and Mr. E. Mason as chief engineer. 

CroMPTON PARKINSON, Ltd., announces the 
appointment of Mr. M. P. Foley, Assoc. 1.E.E., to 
the board of its subsidiary company, Crompton 
Parkinson (Chelmsford), Ltd. 

Tur L. S. STARRETT COMPANY, Ltd., has announced 
the appointment of Mr. Harry Brook as sales manager 
responsible for sales in the United Kingdom and 
Western European markets. 

Mr. H. G. WALTERS has been nominated by the 
Association of British Chambers of Commerce as its 
representative on the National Inspection Council for 
Flectrical Installation Contracting. 

Dr. PieRRE Louis BALLIGAND has been appointed 
tosucceed Dr. Hubert de Laboulaye as deputy director 
general in charge of the department of technical 
operations of the International Atomic Energy 
Agency. 

Mr. K. CLarkK has been promoted to the new 
position of assistant export manager, Acheson 
Colloids, Ltd., a subsidiary of Acheson Industries 
(Europe), Ltd. The appointment is effective from 
April, 1961. 

Mr. RicHARD MELVILLE has been appointed 
scientific attache to the British Embassy in Paris. 
He will advise the British Ambassador, Sir P. J. 
Dixon, on scientific and technical development in 
the civil field. 

Mr. Percy A. ALLAWAY, deputy managing director 
of E.M.I. Electronics, Ltd., has been appointed 
managing director of the company as from July 1, 
when Mr. Clifford Metcalfe relinquishes the position 
at his own request. 

Mr. D. K. BriTToN, general manager, market and 
economic research department, Massey-Ferguson 
(U.K.), Ltd., has been elected to the new Chair of 
Agricultural Economics, University of Nottingham, 
as from June 1, 1961. 

TuRNER BROTHERS AsBesTos COMPANY, Ltd., has 
announced that Mr. Edgar Stott, export sales manager 
is to retire on March 31, after forty-two years’ 
service with the company. The new export sales 
manager will be Mr. J. C. T. Fell. 

ReNnoLp CHatins, Ltd., announces that Mr. L. J. 
Tolley, works director, has been appointed a deputy 
managing director, additional to Mr. W. S. C. Tully. 
Mr. E. E. Hempsall has been appointed general 
works manager in succession to Mr. L. J. Tolley. 

Mr. STANLEY MARKLAND, M.I.Mech.E., has been 
appointed deputy managing director of Leyland 
Motors, Ltd. While undertaking this new responsi- 
bility he will still continue as works director of 
Leyland Motors, Ltd., and managing director of 
Albion Motors, Ltd. 

Mr. G. A. MARRIOTT, managing director of the 
M-O Valve Company, Ltd., a wholly owned sub- 
sidiary of The General Electric Company, Ltd., has 
intimated his intention to retire during March. He 
will be succeeded as managing director of the com- 
pany by Mr. J. Bell, who is at present deputy director 
and manager of G.E.C. research laboratories and a 
member of the M-O V. board. 

Mr. Ivon A. Battey has been elected a vice- 
President and Mr. JoHN O. HITCHCOCK an assistant 
vice-president of the International Nickel Company 

of Canada, Ltd., with effect from April 10, 1961. 
Mr. Bailey remains chairman and chief officer of 
the International Nickel Company (Mond), Ltd., 
and of Henry Wiggin and Co., Ltd. Mr. Hitchcock 
Temains managing director of the International 
Nickel Company (Mond), Ltd., and deputy chairman 
of Henry Wiggin and Co., Ltd. He will also con- 
tinue as second chief officer of both companies. 


Mr. N. RAYMAN, principal assistant in the civil 
and structural engineering section of the Coventry 
City engineer's department, has been appointed 
deputy chief engineer designate. The present deputy 
city engineer retires not later than September, and 
Mr. Rayman’s appointment took effect from March 
15. 

THe Locomotive AND ALLIED MANUFACTURERS’ 
ASSOCIATION OF GREAT BRITAIN announces the re- 
appointment of the Rt. Hon. the Viscount Chandos, 
chairman, Associated Electrical Industries, Ltd., as 
president of the Association and Mr. G. Collingwood, 
managing director, the Vulcan Foundry, Ltd., as 
chairman of the Association for the ensuing year. 
Lord Chandos and Mr. Collingwood were originally 
appointed as president and chairman of the Associa- 
tion in 1960. 

CastrRoL, Ltd., announces that, on January |, 
1962, four assistant managing directors will be 
appointed to handle the growing expansion of the 
Group’s world-wide interests and further develop- 
ments envisaged in the future. They are Messrs. 
J. A. V. Watson, L. G. Packham, C. E. R. Millidge 
and A. A. Barr, all of whom are directors of the 
parent company. The new assistant managing 
directors will have equal responsibility to the deputy 
chairman and managing director Mr. Leonard M. 
Broadway and the board. These changes will follow 
the retirement, at the end of the year, of Mr. William 
F. List, assistant managing director since 1951. 
Mr. List, who has served the company for over 
fifty years, will remain on the Castrol board. 


Business Announcements 


WILLIAM Bosy AND Co., Ltd., Hertfordshire, has 
appointed Edgar Arrigo, Ltd., as its agent in Malta. 

INDUSTRIAL HANDBOOKS, Ltd., has moved to 
Rapier House, Eagle Street, Holborn, London, W.C. 

WELDING IMPROVEMENTS, Ltd., Northampton, is 
now marketing, under the trade name “Fontargen”, a 
range of low heat input metal joining alloys. 

SMITH AND GRACE, Ltd., states that its Manchester 
branch has been moved to Thrapston House, Travis 
Street, Manchester, 1 (telephone, Ardwick 5501/2). 

BRITISH INSULATED CALLENDER’S CABLES, Ltd., 
announces that its Ipswich branch has moved to I, 
Benezet Street, Ipswich (telephone, Ipswich 57265). 

LUMENATED CEILINGS, Ltd., has opened a new area 
sales office and show room at 10, Jesmond Street, 


Newcastle upon Tyne, 2 (telephone, Newcastle 
814301). 
STANTON AND STAVELEY SALES, Ltd., has been 


formed to handle all sales on behalf of The Stanton 
Ironworks Company, Ltd., The Staveley Iron and 
Chemical Company, Ltd., and The Sheepbridge 
Company, Ltd. The new company will start operating 
on July 1, 1961. 

THe GENERAL Post OFFice announces that a 
telex service with Peru is now in operation. The 
service is available from 12.30 p.m. to 11.30 p.m. 
G.M.T. each day from Monday to Friday and from 
12.30 p.m. to 9 p.m. on Saturdays. There will be no 
service on Sundays. 

ROYSTON INSTRUMENTS, Ltd., Byfleet, has granted 
a manufacturing licence to Lockheed Aircraft 
Services, California, under which the American 
company will make and market the Midas magnetic 
tape flight recording system in the Western Hemis- 
phere and Australasia. 

Exco E.Lectronics, Ltd., Southend-on-Sea, Essex, 
has granted a long-term contract to Wilcox Electric 
Company Inc., Kansas City, U.S.A., to produce 
airborne weather radar equipment under licence in 
the U.S.A. The agreement gives Wilcox manu- 
facturing and distributing rights for the next ten 
years. 

C. H. JOHNSON (MACHINERY), Ltd., announces the 
conclusion of a co-operation agreement with J. 
Wormser, A.G., of Zurich, and Spanner Baumas- 
chinen G.m.b.H., of Frankfurt, Germany, for the 
development of the common products of each of 
these companies in the European Common Market 
and the E.F.T.A. areas. 

P. M. PATHE (ENGINEERS), Ltd., Milton Works, 
Egerton Lane, Sheffield, 1, states that it has acquired 
the entire share capital of Wassell and Clayton, 
Ltd., engineers, Park Works, Broomhall Street, 
Sheffield, 3. The head office of the Pathe Engineering 
Group of Companies, which also includes Heated 
Hoses, Ltd., has moved to Broomhall Street. 


Contracts 


TILGHMAN’S, Ltd., Altrincham, has received a 
contract valued at £500,000 from the Soviet Techmash 
corporation for the supply of eight dust collecting 
plants. These plants will be used to purify the hot 
exhaust gases from carbon black production equip- 
ment. 

THE CEMENTATION COMPANY, Ltd., has received a 
contract worth £126,293 from the Southend Water- 
works Company for the construction of a 6,000,000 
gallon reservoir at Basildon, Essex. The consulting 
engineers are Leslie Turner and Partners, 6, Grove 
Road, Sutton. 

TAYLOR Wooprow (Sierra Leone), Ltd., has been 
awarded a £2,000,000 contract for a 900ft long earth 
dam in the Guma Valley, Sierra Leone, by the Crown 
Agents for Overseas Governments. Messrs. Howard 
Humphreys and Sons are the consulting engineers 
The reservoir will hold 4400 mg. and will augment the 
water supply of Freetown. The dam will rise 190ft 
above the river bed, and contain some 1,250,000 
cubic yards of fill. Excavation will amount to about 
350,000 cubic yards. 

JOHN HOWARD AND Co., Ltd., has been awarded a 
contract amounting to £1,752,767 by the Minister of 
Transport for the first stages in the construction 
of the Severn Bridge. This firm recently carried out 
similar work on the Forth Road Bridge. Work to be 
carried out under the first contract, to be completed 
within two years, includes construction of the main 
piers and their foundations ; anchorages for the main 
cables ; an approach viaduct on the Aust side; and 
an access road to the site at Aust. For further details 
see THE ENGINEER, October 7 last, page 603. 

C. A. PARSONS AND Co., Ltd., is to supply the 
Central Electricity Generating Board with four 
SOOMW single-line turbo-generators. These four 
machines alone are equivalent to an increase of more 
than 6 per cent in the total capacity of generating 
plant at present installed in the United Kingdom 
The value of the order, which will include the associ- 
ated feed-heating plant and turbo-driven boiler feed 
pumps, will be about £13,000,000. In all, six 
machines of SOOMW capacity (and over) have been 
ordered from Parsons for service in this country and 
overseas. 

BABCOCK AND WiILcox, Ltd., is to supply boiler 
plant worth nearly £20,000,000 to the Central 
Electricity Generating Board. It will comprise four 
major boiler units for a new power station with a 
total output of 2000MW. Each boiler will generate 
3,500,000 Ib of steam per hour at a pressure of 
2400 Ib. per square inch and a temperature of 1055 
deg. Fah., with reheat to the same temperature, and 
will serve a SOOMW turbo-alternator. All four 
boilers will be Babcock Radiant units, fired with 
pulverised coal. In accordance with recent arrange- 
ments between Babcock and Wilcox, Ltd., and 
Yarrow and Co., Ltd., the resources of these two 
companies will be combined for the construction of 
this new boiler plant, making the most effective use 
of their respective technical and manufacturing 
facilities. 

Decca Rapar, Ltd., and Pye TeLeCoMMUNICA- 
TIONS, Ltd., have received orders from the Con- 
servators of the River Medway for radar and v.h.f 
radio equipment respectively, to be used in increasing 
the facilities of the Medway Port Operations and 
Information Service. The Decca equipment will 
comprise a Type 32 harbour radar and three 16in 
displays. These displays are of a new pattern in which 
the origin may be off-centered to a number of pre- 
selected positions. The natural scale of the displays 
on their normal range setting will be 1:30,000, and 
when suitably arranged the three displays will cover 
the whole area of interest from the Medway Buoy 
to Canvey Point up the Thames. Alternatively 
displays can be switched to show a natural scale of 
1:60,000 for long-range use, or 1:15,000 to allow an 
enlarged picture of the area close to the radar to be 
viewed, including the whole of Sheerness Harbour. 
The Pye v.h.f. marine radiotelephone equipment will 
be similar to that supplied by the company to the 
Port of London Authority in 1959 and the Hague 
Convention (1957) international communication 
channels will be employed. Both the radar and radio 
equipment will be housed in a port operations 
building to be erected on top of Garrison Point Fort, 
overlooking the approach channel to the River 
Medway. These developments have been made 
necessary in order to deal with the increased tanker 
traffic berthing at the Kent oil refinery on the Isle 
of Grain, and the rising number of dry cargo vessels 
coming into the river. 
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VEB SCHWERMASCHINENBAU 
GEORGI) DIMITROFF 


N 1922, Maschinenfabrik Buckau, now VEB 

Schwermaschinenbau Georgij Dimitroff, Mag- 
deburg, developed the slewing chain bucket 
excavator which permitted cuts to be taken above, 
at, and below an intermediate level on which the 
machine was travelling. This made it possible 
to remove thick strata—in the case of the largest 
machine built to date, an overburden 52m thick 
by means of a comparatively short bucket chain. 
The superstructure can be slewed through a full 
circle. Fig. 4 shows the rail-mounted version 
of the model ** Ds 1600” which is also available 
with endless track support. The excavator 
weighs 2750 tonnes, and has an hourly capacity 
of 2700 cubic metres. 

The maker exhibited the bucket chain boom of 
this machine which (like the rest) had been 
extensively fabricated from tubular members, 
although a proportion of the joints were riveted 
or bolted with high tensile bolts in order to 
facilitate assembly at the site. A saving in weight 
of 6 to 8 per cent is made compared with a purely 
riveted design ; although this saving is not large, 
it is of considerable importance in view of the 
long radius of the boom. 


MACHINE TOOLS 


An important position is occupied by the 
machine tool industry of the German Demo- 
cratic Republic. The continuing trend towards 
partly or fully automatic machine tools is 
illustrated by the importance of these two 
groups in relation to the whole machine tool 
production. In 1956, automatic machines of all 
kinds amounted to only 24 per cent. of the 
exhibits at Leipzig, whereas this year. they 
accounted for 80 per cent of the designs. Fully 
automatic machines constituted 28 per cent of 
all exhibits. The preceding years’ efforts in the 
direction of standardisation and unit construc- 


tion are now reflected in a large proportion of 
the machine tools seen at the Fair. 


VEB PRESSEN-UND SCHERENBAU ERFURTH 

Our illustration (Fig. 5) shows a fully auto- 
matic line for the production of die-forged 
flanges from bar stock, at the rate of 720 pieces 
per hour. The bars are cropped to size in the 
500-ton capacity shearing press on the right, and 


Fig. 5—2500-ton crank hot- 
forging press lined up with 
500-‘on cropping shears 
and high-frequency furnace 
to form a fully automatic 
line for the production of 
flange forgings from bars 


after being induction heated to forging tem- 
perature, are die-forged by the crank press of 
2500 tonnes capacity on the left. This is a 
double-column welded design with  electro- 
pneumatic multiple disc clutch on the crank- 
shaft. The press force is electrically indicated 
and an overload switch is fitted. 





Fig. 4—Chain bucket excavator in opencast lignite mine. 





The machine weighs 2750 tonnes and has an 
hourly capacity of 2700 cubic metres 
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VEB DRAHTZIEHMASCHINENWERK GRUNA 


For the hot drawing of molybdenum Wire with 
approximately 15 per cent elongation, from 
0-5mm diameter to 0-04mm diameter in & 
draws, VEB Drahtziehmaschinenwerk Griing 
has developed the machine shown in Fig. 6, 
The wire passes through electrically heated 
tantalum tubes where.n it is heated to 500 
to 600 deg. Cent. The drawing dies are also 
heated. Colloidal graphite lubricant is placed 
on the wire by rollers in a separate lubricant 
box in front of the heating box. The wire 


passes to and fro over rollers of increasj 

diameters corresponding to its decreasing size 
Drawing speed is 20m to 80m per minute. In 
order to ensure even wear of the dies, the heat. 
ing and die box, as well as the lubricating box, 








Fig. 6—Hot wire drawing machine, incorporating eight 

drawing stages, for reducing molybdenum wire 

a maximum size of 0°Smm to a minimum diameter 
of 0°04mm 


are oscillated horizontally. For threading, the 
fine wire is electrolytically pointed. Combining 
several stages in one machine is stated to result 
in substantial saving; in floor space, driving 
power, and labour. 
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Fig. 7—Multiple drill press with rotary table with 
mechanical ejector. The design incorporates standard 
units 


VEB WERKZEUGMASCHINENFABRIK SAALFELD 


In the vertical drill press, model “* BK 25AII,” 
of VEB Werkzeugmaschinenfabrik Saalfeld, use 
is made of a standard drill unit with automatic 
depth control and rapid feed. This multiple 
drill, illustrated in Fig. 7, is equipped with a 
five-station horizontal indexing table, and has 
nine spindle speeds from 63 to 1000 r.p.m., and 
nine feeds from 0-08mm to 1-25mm per revolu- 
tion. In a typical operation, the machining of 
bell crank levers of cast steel, the time per piece 
was 0-75 minute compared with 5-5 minutes 
on an in-line four-spindle drill press, constitut- 
ing an increase in productivity of 620 per cent. 


VEB ZAHNSCHNEIDEMASCHINENFABRIK “MODUL” 

A new range of gear milling machinery for 
bevel gears has been produced by VEB Zahn- 
schneidemaschinenfabrik ** Modul,” Karl-Marx- 
Stadt. This ‘Series 500” range is another 
example of the unit system, as the six variants 
which make up the series have 80 per cent of 
their components in common. 


VEB ZEMAG 


Among the exhibits shown by VEB Eisen- 
giesserei und Maschinenfabrik Zemag, Zeitz, 
was a briquette pile clearing machine which we 
illustrate in Fig. 8. This machine has a chassis 
which is swivel-mounted on a bogie set at one 
end, and supported by a chain-driven spring 
wheel and an idler at the other, so that it can be 
slewed through 360 deg. The chassis carries a 
plate conveyor which rotates about vertical 
axes at the ends, and is fitted with right-angled 
blades. By lightly pushing the machine into 
the pile, the briquettes are made to slide 
down on to the conveyor which then carries 
them to the end where a deflector drops them 
into a hopper which opens on to a sub-floor 
conveyor. The floor of the storage shed must 
be ievel, and is best constructed of concrete. 
The channel for the band conveyor runs down 
the centre of the shed and is at first covered by 
timber planking on which the briquettes are 
piled. In order to remove the briquettes, the 
planking is taken away step by step and they fall 
through the hopper on to the conveyor. The 
two lateral piles which remain are then cleared 
with the machine. 

The pile clearing machine is 11-22m_ long, 
1-53m wide, and 1-7m high. It is equipped 
with separate motors of 3kW capacity for the 
bogie drive and for slewing, and a 10kW, 960 
.p.m. motor to drive the conveyor. The dis- 
charging capacity is stated to be 75 tonnes to 
100 tonnes or more per hour. 


— 
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ig. 8—Travelling and slewing plate 


VEB MASCHINENFABRIK HALLE 


A 50kA electrolytic cell for the manufacture, 
by the mercury process, of chlorine, sodium 
hydroxide, as well as hydrogen, was shown by 
VEB Maschinenfabrik Halle. This cell (Fig. 9) 
has a mercury cathode of 12-7 cubic metres, the 
width being 1116mm. The cell measures 13-6m 
in length and 2-10m in width overall, and weighs 
18 tonnes empty and 22 tonnes in full working 
condition. One hundred and twenty carbon 
anodes are fitted in rows of six through rubber 
sleeves which form a gastight joint. The interior 
of the lid is protected by a double-rubber coat- 
ing, and insulated from the trough by a rubber 
gasket. A pump, seen at the rear end of the 
cell in our illustration, lifts the mercury into the 
cell where it flows under gravity in a 6mm 
deep layer. It amalgamates with the sodium 
which is formed by the electrolysis. In the 
return trough, the amalgamate is decomposed 
by contact with demineralised water, forming 
sodium hydroxide and some hydrogen, as well 
as liberating the mercury which is then recircul- 
ated. The mercury charge amounts to approxi- 
mately 1600kg, and the concentration of the 
brine at the start is 300 grammes per litre. The 
cell and hydrolyser trough rest on porcelain 
insulators and are connected by “ U ”’-pipes to 
prevent mixing of the brine and hydroxide. 
An output of 1580 kg per day of sodium hyd- 
roxide in the form of a 50 per cent solution 
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Fig. 9—SOKA electrolytic cell for sodium hy 
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conveyor for clearing briquette piles 


is obtained, as well as 1392kg of chlorine 


and 39-6 kg of hydrogen. 


VVB LANDMASCHINEN-UND TRAKTORENBAU 

Agricultural machinery exhibited by VVB 
Landmaschinen-und Traktorenbau, Leipzig Cl, 
Waldstrasse 82-84, the central organisation of 
the various works producing agricultural mach- 
ines and tractors, forms an important section of 
the Fair. The Model “ B281” made by VEB 
Bodenbearbeitungsgerate Leipzig, is a 5m wide 
attachment with 144 flexible tines the height of 
which can be adjusted. It thoroughly loosens 
and mixes the top layer and is stated to give 
good results in eradicating weeds. It is designed 
for use with such crops as wheat, beet, potatoes, 
maize, and peas; for thinning out beet, a 
proportion of the standard tines are replaced by 
tines of a special pattern. For transport, the 
attachment folds to a width of 2-6m. The 
same works has produced a spraying attachment 
for a 20 h.p. tractor: with a tank of 900 litres 
and a pump capacity of 66 litres per minute, 
the machine is stated to give a coverage of 1-5 
to 2-0 hectares per hour. The pump is driven 
from the tractor power take-off, and gives a 
pressure of 10 to 40 atmospheres. 

For spraying trees with solutions, emulsions, 
or dusts, the model “‘ § 872/2” has a 600 litre 
container, and a pump giving an output of 
100 litres per minute at 3-6 atmospheres. The 





droxide and chlorine production from brine 
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stirrer is a hydraulic design. Coverage for spray- 
ing is | hectare per hour, and 3 to 4 hectares per 
hour when dusting. 

An interesting design is the tractor-drawn 
tandem disc harrow “ B 355” (Fig. 10). This 
has a working width of 2-5m and is fitted with 
twenty-four discs of 560mm diameter. It weighs 
approximately 1000 kg and requires a 40 h.p. 
tractor. Pneumatically tyred transport wheel, 
can be raised or lowered hydraulically. When 
the wheels are up they act as ballast, but boxes 
for additional ballast are provided. In very 
light soil part of the weight can be supported 
by the wheels, thus limiting penetration. 

A small motorised seed drill, with a working 
width of 1m, intended principally for the use of 
research institutes, has been produced by VEB 
Landmaschinenbau Bernburg. 


VEB SCHWERMASCHINENBAU S.M. KiRow 


A heavy building crane, the model “ Rapid 
V/2,” with a maximum load moment of 120 
tonne-metres, was exhibited by VEB Schwer- 
maschinenbau S.M. Kirow. The crane, which 
runs on a rail track of 6in to 7in gauge with a 
minimum inside radius of 5m, has a height of 
40m or 50m from the top of the rails to the 
fulcrum of the boom. At 12-5m radius up to 
8 tonnes can be hoisted to a height of 65-5m 
with extended tower. For tall buildings, a longer 
boom can be used giving a lift capacity of 3-9 
tonnes at minimum radius of 17m with a height 
under the hook of 87-5m, and 750 kg at maximum 
radius of 44-4m, when the height is 57-5m. The 
tower and boom sections are welded tubular 
lattice designs. The driver’s cabin is placed 
inside the tower and can be positioned at various 
heights. Normal hoist speed is 40m per minute 
with a single rope, or 20m per minute with 
doubled rope, and one-fifth of these speeds with 
fine control. Total installed capacity is 62kW, 
including 22kW for the hoist motor. The crane 


is self-erecting and can be towed on the road 
without having to be dismantled, except for any 
shortening which might be necessitated by road 
conditions. 


Fig. 10 (Above)—Tandem disc harrow, with hydraulic setting of the support 
wheels, which here are raised 


Fig. 11 (Right)—Double-column jig borer 


Mas Kovosvit 


A double column jig borer, the WK V 100, was 
shown by the Mas Kovosvit Works, of Sezimovo, 
Usti, Czechoslovakia. This machine (Fig. 11) 
can also be used for high-precision milling 
operations of all kinds, precision marking-off 
and inspection. The 1000mm by 1600mm work- 
table is supported on the bed guideways on 
rollers. The two columns are connected by a 
cross-beam at the top, ensuring great rigidity. 
The moving cross-rail carries the vertical head- 
stock, while the right-hand column carries the 
horizontal headstock. Hydraulic table feeds 
can be steplessly varied from 20mm to 350mm per 
minute. A rapid traverse, and also a fine hand- 
feed for the final setting, are provided. Hydraulic 
relief of the cross-rail during vertical movement 
minimises wear of the head screws. The four 
headstock feeds range from 25mm to 150mm 
per minute and there is also a rapid feed of 
1500mm per minute. 

The vertical headstock is equipped with an 
individual 4kW motor, spindle with quill, an 
attachment for measuring the spindle feed and 
automatic spindle stop, and also a screw-cutting 
attachment. The spindle and headstock are 
balanced on the cross-rail by a counterweight. 
The horizontal headstock is similarly equipped, 
and is also counterbalanced. On the opposite 
column is a support-free boring bar. 

Settings of all three co-ordinates are obtained 
from precision millimetre scales engraved on 
superfinished high quality steel. The image of 
the gauge marks is projected on to a screen with 
a magnification of thirty-two times. A dividing 
drum with nonius allows a final setting to 
0-00imm, by shifting a pair of optical marks 
until they accurately straddle the projected 
millimetre division. The accuracy of the machine 
is guaranteed to be within 0-005mm, the great 
rigidity of the machine permitting the use of 
workpieces weighing up to 2000 kg. 

The same works exhibited the “‘ SPK 63” 
semi-automatic lathe with hydraulic copying 
equipment. The whole machining cycle is 
electro-hydraulically controlled from punched 
cards. 










Tagus Bridge 


On February 25, a contract was signed between 
the Portuguese Government and the United 
States Steel Export Company of New York, for 
the construction of the Tagus Bridge at Lisbon, 
After four international groups of bridge builders 
and contractors had submitted competitive 
designs last year, a provisional award of contract 
was made to the group headed by United States 
Steel on May 28, 1960. 

The Tagus River Bridge will be the longest 
clear span bridge in Europe and the fifth largest 
in the world. With a central span of 3318ft and two 
side spans of 1540ft it will considerably surpass 
the new Forth Road Bridge (central span 3300ft, 
two side spans of 1340ft each). Following the 
study of a number of alternatives, the Portuguese 
Government has decided that the bridge wil 
carry a four-lane highway, with provision for 
the future installation of a double-track railway 
It will require four years to build. The entire 
project including access roads will compris 
more than 8 miles of roadway. 

From anchorage to anchorage, the bridge wil 
be 7428ft long, and its deepest pier will extend 
270ft from the surface of the water to bedrock. 
The water itself is approximately 90ft deep. 

The main steel towers, which will support the 
central span 230ft above mean tide level, wil 
rise 625ft above the water level. 

Besides U.S. Steel Export, the group of con 
tractors comprises the firm of Steinman, Boyn- 
ton, Gronquist and London, of New York City, 
and The Tudor Engineering Company, of San 
Francisco. The American Bridge Division 0 
United States Steel will fabricate structural steel 
for the main bridge structure, and also participat- 
ing will be the Portuguese firm Sociedade 
Reunida de Fabricacoes Metalicas, Lda (Sore 
fame). 

Construction of the main piers and approach 
roadways will be in the hands of International 
Morrison-Knudson Company, Inc., and its 
French associate, Compagnie pour I’Etude et k 
Developpement des Echanges Commerciau\ 
(COMPADEC), specialists in deep water work. 
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PROJECT PLANNING 


A number of studies and investigations were 
carried on during the year on future projects, 
both short and long range, which may profitably 
be constructed to further the development of 
the resources of the region. Explorations were 
carried on at a number of possible sites for 
steam-electric stations on the Cumberland, 
Clinch, Powell and Tennessee rivers, and ex- 
ploratory drilling to determine foundation 
conditions was carried on at some of them. 
For the near future, studies were made to deter- 
mine the location and size of new generating 
units in the eastern part of the system. These 
resulted in decisions, after the close of the fiscal 
year, to place a second SOOMW unit, already 
on order, at the Widows Creek steam power 
station and to plan the construction of an 8300MW 
generating unit at a site to be selected in the 
north-eastern sector of the service area. It was 
expected that the two new units would be in 
operation in 1964. 

Other studies concerned multiple-use projects 
which could contribute to electric power genera- 
tion, flood control, navigation, and other water 





~ uses. Although most of the major favourable 
for sites are now occupied by dams of the multiple- 
on. use reservoir systems, there are still a large 
en number of sites on tributaries where future 
ve dam projects might be situated. Many of these, 
ic! although physically feasible, could not be 
6s economically developed for a number of reasons 
’ the cost of reservoir land, disruption of com- 
I munities, difficulty and the high cost of relocating 
wt railways, highways, and other facilities. How- 
0 ever, others are considered worthy of further 
§ investigation with a view to possible construction 
q in coming years, some of them in the near future. 
" Whether or not they will be recommended for 
e construction will depend upon economic factors 
| 
i 


| —whether or not the benefits to be obtained 
© from them in terms of navigation, flood control, 
power generation, and other water uses will 
, clearly outweigh the estimated costs. 
The Melton Hill dam project was decided 
upon after detailed planning studies had been 
| made. Studies were carried forward in 1960 on 
the Tellico project, formerly known as the Fort 
Loudoun extension, which has been contem- 
plated over a number of years. The Tellico 
project would consist of a dam across the Little 
Tennessee River near its mouth and a navigable 
canal, 5OO0ft in bottom width, connecting the 
Tellico reservoir with the Fort Loudoun reser- 
voir. The Little Tennessee discharges into the 
Tennessee River just below Fort Loudoun dam 
on the Tennessee River. The plan evolved 
would add 135MW of generating capacity at 
this point, where Fort Loudoun dam now pro- 
vides 128MW of capacity in four units. The 
installation at the Tellico dam would consist of 
three 45MW units. Flood storage in the Tellico 
project would add to the security of Chatta- 
nooga, Tennessee, the major danger spot on the 
Tennessee, by reducing large floods by about 
9in on the average. 
Among other projects which have been given 
consideration in limited planning reports are 
Austral dam, on the Hiwassee River down- 


Progress of the Tennessee Valley 
Authority 


(Concluded from page 398, March 10, 1961) 


stream from Apalachia dam ; another is a dam 
at the Nemo site on the Obed River, a tributary 
of the Emory River which flows into the Watts 
Bar reservoir. This year an appraisal study of 
the Elk River was made to explore the feasibility 
of combination navigation, flood control, and 
power projects on that stream. Other planning 
studies included possible improvements to the 
Ocoee No. 1 and Ocoee No. 2 dams on the 
Ocoee River, which are old structures acquired 
by T.V.A. from a private power company in 
1939. Further studies were made in 1960 on 
the Kentucky-Barkley canal, which will connect 
the Kentucky reservoir with that to be impounded 
by the Barkley dam being built by the Corps of 
Engineers, U.S. Army, on the lower Cumber- 
land River. Under the plan, the Army Engineers 
will construct a canal about 2 miles long and 
400ft wide across a narrow neck of land separat- 
ing the two reservoirs. Among other advantages, 
the canal will provide a short cut for barge 
traffic, depending on origin and destination, 
using the Ohio, Tennessee and Cumberland 
rivers, and also contribute to the flexibility of 
flood control operations on the two rivers. 


WATER CONTROL OPERATIONS 
Except for the opening of the new Wilson dam 
main lock, there were no changes in the Tennes- 
see River multiple-use system. As its major 


purposes, this system of dams provides nearly 
12,000,000 acre-feet of storage for flood control, 
a 650 mile inland waterway, and more than 
3,000,000kW of hydro-electric generating capa- 
city. The efficient operation of the system 
requires detailed rainfall and run-off data, 
careful analysis of this information, forecasting of 
flows for several days in advance, and a swift and 
reliable communications system. River control 
engineers in Knoxville receive daily readings 
from 190 rainfall stations and forty-one stream- 
flow stations in and adjacent to the Tennessee 
Valley. From remote areas, the gauges report 
automatically by shortwave radio. The Knox- 
ville office of the U.S. Weather Bureau supplies 
daily rainfall forecasts, as well as semi-monthly 
thirty-day forecasts. During flood periods more 
frequent reports on rainfall and streamflow are 
often required from critical areas, as well as 
more frequent forecasts from the Weather 
Bureau. During critical flood periods close 
liaison is maintained with the Corps of Engineers, 
which is responsible for flood control measures 
on other streams. 

Both precipitation and run-off were slightly 
below normal in the fiscal year 1960, although 
considerably improved over the dry conditions 
of the previous fiscal year. At the end of the 
year the reservoirs contained 7,460,000 acre-feet 
of useful stored water, or 3 per cent more than 
the total at the end of the previous fiscal year. 
During the autumn months of 1959, the reser- 
voir water levels were drawn down so that the 
system was in full readiness for flood control 
operations by January 1, the start of the danger 
period. On that date all multiple-use reservoirs 
were well below the required flood control levels. 
Filling of the reservoirs started generally in 
January and continued until mid-May ; heavy 
showers and thunderstorms following a record 
snowfall contributed to particularly favourable 





Aerial view of the Kentucky dam in the foreground, and the new Barkley dam and reservoir with the connecting 
canal indicated by white lines 
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filling conditions in late March and early April- 
In May and June run-off was below normal and 
the reservoirs were drawn upon for power 
generation during the last six weeks of the fiscal 
year. 

No large floods occurred in the Tennessee 
Valley, but the system was operated to reduce the 
crest of a large flood on the Mississippi River 
by 2-7ft, thereby reducing damages in the lower 
Ohio and Mississippi basins by an estimated 
4,500,000 dollars. In the course of the operation, 
the entire flow of the Tennessee was cut off at the 
Kentucky dam, withholding it from the crest of 
the flood at Cairo, Illinois, for three days in 
mid-April. The flood resulted when melting 
snow and spring rains combined in late March 
and early April to produce extremely high flows 
on tributaries of the Mississippi and Missouri 
rivers above St. Louis. At the same time, a 
smaller spring flood was occurring on the Ohio 
River, principally above Pittsburgh. A _ poten- 
tially serious flood threat existed in the Tennes- 
see Valley also; because of record accumulations 
of snow in the mountainous area in the eastern 
part of the region, warm spring rains at this 
juncture could have triggered major floods. 

On April 1, when the river stage at Cairo 
reached 35ft, the Weather Bureau predicted 
a crest stage of 49ft for about April 12. The 
prediction was based on the assumption that the 
outflow from the Tennessee River would be 
restricted to turbine use only, amounting to 
about 50,000 cusecs as compared with a natural, 
unregulated flow of 152,000 cusecs. T.V.A. 
studies showed that a substantial further reduc- 
tion could be accomplished by completely 
shutting off the flow at the Kentucky dam if 
flood conditions in the Tennessee Valley per- 
mitted. With the agreement of the Army 
Engineers this plan was followed. In the absence 
of warm rains, snow in the mountains melted 
gradually, flows in the Tennessee were relatively 
low, the weather outlook was favourable, and 
storage space in the Kentucky and other reser- 
voirs was ample. 

Accordingly, on April 7, the Authority reduced 
discharges from the Kentucky reservoir gradually 
from 108,000 cusecs on April 7 to zero at noon, 
April 10. Thereafter for three days, until noon 
on April 13, all flow in the Tennessee River was 
stored. After that, water was released at a 
gradually increasing rate through the Kentucky 
dam turbines. On April 13, the Mississippi 
flood crested at a stage of 47-4ft, with no water 
arriving from the Tennessee River. Without the 
regulation from the T.V.A. system, the crest 
would have reached a stage of 50-Ift, 2-7ft 
higher than the actual measured crest. Damages 
averted by this operation were mostly agricul- 
tural ; they represent the consequences of delay 
in planting on the protected lands which would 
have forced farmers to shift from high-value 
cotton to low-value corn for the 1960 crop. 

The flood control operations in the fiscal year 
1960 brought to almost 25,000,000 dollars the 
direct damage averted in the lower Ohio and 
Mississippi basins since 1936. Over the same 
period, approximately 120 million dollars in 
damage has been averted at Chattanooga, the 
most vulnerable section of the river in the Tennes- 
see Valley, which was not threatened by floods 
this year. The estimate of direct flood damages 
averted so far, totalling 145 million dollars, 
compares with the total original cost of the flood 
control facilities, amounting to 184 million 
dollars. These facilities are still in the early 
stages of their useful life. 

The benefits in relation to costs may be 
measured another way. The flood control costs 
in the fiscal year 1960, including depreciation 
charges amounting to 1-2 million dollars, were 
somewhat more than 2-9 million dollars, com- 
pared with the 1960 benefits of 4-5 million 
dollars in the lower Ohio and Mississippi basins. 
The 1960 costs bring the cumulative total for the 
cost of T.V.A. flood protection over the years to 
about 43-4 million dollars. This compares 
with cumulative benefits, conservatively esti- 
mated, of 145 million dollars. 








The wind tunnels at the U.S. Air Force Arnold Engineering Development Centre in Tennessee, which require 
large amounts of electricity 


The above figures are concerned with direct 
benefits in reduction of flood damage, not in- 
cluding less tangible factors of avoidance of 
economic disruptions of production, transporta- 
tion, communications, sanitary facilities, and the 
like. In addition, the regulation of the Tennes- 
see has provided an estimated increase of 150 
million dollars in land values in the lower Ohio 
and Mississippi basins. This results from greater 
security from floods afforded by increasing the 
effectiveness of levees protecting some 6,000,000 
acres of agricultural land. The total benefits to 
date of T.V.A. flood control thus are in the 
order of 295 million dollars, far exceeding the 
original investment of 184 million dollars in 
flood control facilities together with the costs of 
operating them. 

Despite months-long barge line and _ steel 
industry strikes, traffic on the waterway in the 
calendar 1959 was about equal to that of 1958, 
while the estimated savings to shippers increased 
nearly 750,000 dollars and set a new record of 
24-9 million dollars. The 1959 traffic amounted 
to 12,000,000 tons and 2-2 million ton-miles, 
based on records kept by the U.S. Army Corps of 
Engineers. The use of the waterway was affected 
by a four-month strike on the four largest com- 
mon carrier barge lines and by the steel strike. 
Increases in shipments of such commodities as 
coal, stone, grain, and salt offset decreases in 
petroleum products, automobiles, phosphate 
rock, and other materials. New river move- 
ments developed, including aluminium pig to 
Chattanooga, soya-bean oil outbound from 
Chattanooga, wood chips outbound from 
Decatur, and liquid potash outbound from Cal- 
vert City, Kentucky. The estimated savings in 
lower transportation costs exceeded by about 
20-4 million dollars the Federal costs of operat- 
ing the waterway. This sum was equal to a 
return of over 15 per cent on the net navigation 
investment of 134-3 million dollars. 

A number of industrial firms commenced the 
construction of new works, expansions, and 
terminal facilities at points along the waterway, 
although the 25,000,000 dollars of investment 
involved in calendar year 1959 was the lowest 
in several years. Since 1933 private industry 


has invested 772 million dollars in about 140 
waterfront plants and terminals ; 90 per cent of 
the investment was made in the past eight years, 
The National Aeronautics and Space Administra- 
tion started the construction of a loading dock 
for its “* Saturn ” space booster shipments from 
the Redstone Arsenal near Huntsville, Alabama. 
Private industry began work on three new plants 
and a waterfront terminal at Calvert City, where 
a chemical-metallurgical industry complex has 
developed in the past decade. Other private 
industry construction included a manganese 
plant at New Johnsonville, Tennessee, with a 
terminal and a fluoro-chemicals plant at Decatur, 
Alabama. Plant expansions by a number of 
firms were announced at Calvert City and Muscle 
Shoals, Alabama, and at Chattanooga and 
Loudon, Tennessee. New marine ways were 
being built at Decatur. 

The continued industrial development along 
the river emphasised the importance of identify- 
ing and setting aside favourable sites for new 
plants, while also ensuring adequate access to the 
lakeshores for other purposes. T.V.A. con- 
tinued to work with local, State, and regional 
groups in an effort to help them recognise the 
problems and make plans which would ensure 
that good industrial sites were not pre-empted 
by other uses or by plants not needing water- 
front location. T.V.A. seeks, through co-opera- 
tion, to encourage local responsibility for plan- 
ning and guiding future developments in the best 
interests of the respective communities and of the 
Valley as a whole. 


POWER GENERATION 


Led by a surge in the residential use of electri- 
city, the normal regional demands for power 
grew substantially in the fiscal year 1960. Total 
sales by the local distributing systems increased 
by 13 per cent. T.V.A. sales, excluding those to 
other Federal agencies and interim power sales 
to the city of Memphis, went up more than II 
per cent. In view of the mandate of the T.V.A. 
Act to make electricity available at as low cost 
as possible, a milestone was reached : the average 
cost per kWh of electricity for home use dipped 




















ee i. i 


11M 


THE 


1 cent for the first time, while the average 
ee customer passed 8800kWh. ie 
= ‘rity sold more than 59,300 million 


e Aut! : 
= of wholesale power, an increase of 2100 


eo kWh over 1959. The total operating 
venues amounted to 242-4 million dollars, 
ie §.000,000 dollars higher than the year 
before. The operating expenses of the system 
increased by 6-1 million dollars ; the largest 
item was charges to depreciation, which rose 


4-1 million dollars to 48-7 million dollars. Total 
operating expenses for the year were 192-8 
million dollars, and net operating income 
amounted to 49-6 million dollars. With 1-5 
million dollars of interest income, the net income 
from power operations amounted to 51-1 
million dollars. The condensed statement shown 
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63,400 million kWh in 1960, an increase of 
2400 million kWh over the year before. Im- 
proved hydro-electric conditions, particularly 
during the first half of the year, made it possible 
to obtain the increased generation from the hydro- 
electric plants. Generation at the steam-electric 
plants remained about the same as the year before. 

ydro-electric generation was aided by above 
normal rainfall, particularly in October, Novem- 
ber, and December, 1959, and March, 1960. 
However, for the year as a whole both rainfall 
and run-off were below the median to a slight 
degree. 

Several years ago the T.V.A. system became 
the first in the United States to generate electri- 
city in steam power stations at a heat-rate of less 
than 10,000 B.Th.U. per kilowatt-hour produced. 


below eompares operations in fiscal year This year the heat rate was 9590 B.Th.U. per 
1960 and fiscal year 1959. kilowatt-hour, compared with 9660 B.Th.U. the 
Fiscal year 1960 Fiscal year 1959 
kWh sales | | kWh sales | ae 
thousands Revenues | thousands Revenues 
«$< Dollars ro * ‘ 7 : Dollars — 

Municipalities and Co-operatives ‘ ; 20,044,473 85,415,755 17,716,192 76,611,799 
Federal agencies 28,284,043 110,035,391 28,012,259 108,159,455 
Industrial ; | 10,364,274 43,270,132 9,518,014 40,885,653 
Interdivisional 601,760 2,247,013 $27,282 2,043,502 
Electric utilities 48,032 212,122 1,389,723 8.497.172 
Other revenue : 1,734,663 | - 1,342,598 

Totals ; | $9,342,582 242,915,076 | 57,163,470 | 237,540,179 

Adjustment of prior years’ billings | . 529,956 | pe pa 

Total electric revenue 242,385,120 | 237,540,179 

ating expenses - 

Op dection ; 116,593,654 116,054 362 
Transmission ‘ ; 9,206,501 8,856,862 
In-lieu tax payments —- 6,312,781 | 5,900,391 
Other tee - 11,986,250 11,227,353 
Depreciation and amortisation — | 48,727,524 44,671,273 

Total operating expenses | 492,826,710 | 186,710,241 

Total operating income } 49,558,411 50,829,938 

Interest revenues 1,516,276 . 

51,074,687 50,829,938 


Net income 


The 1959 bond-financing amendment to the 
T.V.A. Act changed the statutory financial 
requirements that power operations are expected 
to meet from power revenues. It also delineated, 
under the term “net power proceeds,” the 
revenue sources from which the new financial 
requirements are to be met. In brief, the amend- 
ment repealed the provision of the Independent 
Offices Appropriation Act, 1948, providing that 
T.V.A. should pay into the Treasury sums equal- 
ling the appropriation investment in the power 
system within forty years from the time facilities 
so financed went into revenue bonds up to a 
limit of 750 million dollars outstanding, with the 
debt service to be met from power revenues. 
After debt service, which has a prior claim, 
the amendment provided that T.V.A. should 
repay to the U.S. Treasury on a schedule covering 
up to fifty-four years 1000 million dollars of the 
1200 million dollars of Treasury investment in 
the system. It provided that at the same time 
T.V.A. should pay from power revenues a divi- 
dend or return on the outstanding Treasury 
investment in the system at a rate equal to the 
average interest rate paid on the Treasury’s 
total marketable public obligations. 

These obligations are to be met from the 
“net power proceeds *’ of operations. Simply 
stated, “‘ net power proceeds ” as defined by the 
amendment consist of the power system net 
income plus depreciation expenses with the 
addition of any money received for the sale of 
power property. As derived from the foregoing 
condensed statement the “ net power proceeds ” 
for the fiscal year 1960 consist mainly of the 
sum of 51-1 million dollars of net income and 
48-7 million dollars of provisions for deprecia- 
tion : with the sale of a small amount of power 
property, the total net power proceeds amount 
to 100 million dollars ; the corresponding figure 
for fiscal year 1959 was 95-5 million dollars. 
At the close of the fiscal year 1960, no bonds 
had been issued under the new authorisation. 
The definite obligations for 1961 under the new 
financial requirements consisted of a minimum 
10,000,000 dollar repayment to the Treasury 
and a dividend on its 1200 million dollars 
investment. The average interest rate payable 
on marketable U.S. Treasury obligations on 
June 30, 1960, was slightly under 3-5 per cent ; 
the dividend payment due therefore amounts to 
about 41-4 million dollars. 

The T.V.A. power system generated more than 


year before. The fuel cost was less than 0-18 
cents per kilowatt-hour, the lowest so far recorded 
on the system. The coal consumption at the 
steam plants was about the same as the year 
before, and the following table shows the coal 
Statistics for the various plants : 
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The Authority is fortunate to have large coal 
resources close at hand. Kentucky, Tennes- 
see and Illinois coalfields supply most of the 
fuel, with a considerable quantity also coming 
from Virginia. Barge transportation on the 
Ohio and Tennessee waterways effects con- 
siderable savings in transportation on a great 
deal of the coal. 

As part of its planning to assure adequate and 
continuing coal supplies for its steam-electric 
stations, T.V.A. took options on the coal rights 
on two tracts of coal lands in eastern Kentucky, 
one of about 60,000 acres and another of 11,000. 
Explorations were started immediately to deter- 
mine the coal resources of the optional lands and 
to weigh other factors connected with their value 
as a source of supply. Should the options be 
exercised and the coal rights acquired, T.V.A. 
expects to have the mining done by private 
firms under contracts awarded by competitive 
bidding. 


NUCLEAR POWER ACTIVITIES 


Although the development of large nuclear 
fuelled steam power stations economically 
competitive with conventionally fuelled plants 
seems remote, particularly in the T.V.A. area, 
the Authority has kept abreast of developments 
in this field through a small staff of engineers and 
physicists. It has worked particularly closely 
with the A.E.C. at its Oak Ridge installations. 
This year T.V.A. entered into an agreement with 
the A.E.C. to operate its experimental Gas- 
Cooled Reactor (EGCR), which was under con- 
struction at Oak Ridge. T. V. A. engineers have 
acted as consultants and contributed to design 
work on the plant. 

The plant, although it is primarily an experi- 
mental facility for use in testing new reactor fuel 
element designs, will produce about 25MW of 
electric power which will be used by the A.E.C. 
in its Oak Ridge operations. 


DISTRIBUTION OF ELECTRICITY 


The responsibility for supplying electricity to 
the ultimate consumer in the T.V.A. area is 





Coal burned 
Thousands of | Cents per B.Th.U. per | Cents per 
Plant tons million B.Th.U. net kWh | net kWh 
Shawnee ... 4,945 16°73 9.640 0-1615 
Colbert 1,696 19-27 9,530 0O- 1841 
Gallatin 2,568 18-92 9,350 0-177! 
Johnsonville 2,915 17-99 9,840 0-1778 
John Sevier 1,744 19-97 9,330 0-1870 
Kingston ... } 3,841 20:27 9.610 0:1950 
Widows Creek 897 20-08 9,750 0: 1964 
Average or total 18,606 18-71 9,590 0-1798 





Coal stockpile at the Johnsonville steam power station, containing 1,000,000 tons and having rail and barge 
receiving facil.ties 
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Containment vessel of the Experimental Gas-Cooled Reactor under construction at Oak Ridge, Tennessee 


shared by 153 local electric systems—100 munici- 
palities, fifty-one electric co-operatives and two 
small privately owned utilities. In 1960, the local 
systems distributed 18,800 million kWh of 
electricity to more than 1,400,000 residential, 
farm, commercial and industrial consumers, 
with revenues from energy sales amounting to 
179-3 million dollars. Both were substantial 
increases over 1959, when the sale of 16,600 
million kWh brought revenues of 163-1 million 
dollars. 

The home use of electricity increased sharply 
over 1959 in response to two major influences. 
Total residential consumption went up 15 per 
cent from the year before. The average resi- 
dential use per customer increased from 7863kWh 
to 8806kWh, a gain of 943kWh and 12 per cent. 
The average cost of electricity for residential 
use declined to less than 1 cent per kilowatt- 
hour — 0-99 cent. The average residential use in 
the United States as a whole in the twelve months 
was 3707kWh and the average cost was 2-48 
cents per kilowatt-hour. One of the influences 
leading to the strong 1960 growth was an un- 
usually severe winter, which resulted in increased 
demands for electricity for house-heating. 
Some 275,000 homes in the Tennessee Valley 
region are heated by electricity, while many 
others use it for supplemental heat. The winter 
of 1959-60 brought more snow and ice than 
usual and the cold lingered on into March and 
April. The second influence was the addition of 
28,000 residential customers, many of them 
living in newly constructed all-electric homes and 
using electricity for heating as well as for most of 
the more conventional household purposes. It 
is estimated that the typical all-electric home in 
the Tennessee Valley region uses at least 
20,000kWh a year. 

The revenues of the distributors from residen- 
tial sales of electricity were nearly 108-6 million 
dollars, and amounted to more than 60 per cent 
of their total revenues. For the entire electric 
utility industry in the United States residential 
revenues accounted for about 41 per cent of the 
total, according to figures published by the 
Edison Electric Institute. The high proportion 
of revenues from residential sales is regarded as a 
factor of financial stability for the distributors, 
since such sales do not fluctuate as sharply with 
the business cycle; in fact, they continue 


growing, although at a reduced rate, even during 
a recession, because the creation of new families, 
the construction of homes, and the purchase of 
electric appliances continue. 

Three levels of rates are in use by the local 
distributing systems. First is the basic level 
originally established in 1933-34, a middle 
schedule is about 10 per cent below the basic, 
and the third is 20 per cent below it. In 1960 four 
distributors adopted the lowest rates and one 
reduced rates to the intermediate level. There 
were several other changes. Four distributors 
removed the 10 per cent surcharge on commercial 
and industrial power bills, three either removed or 
reduced their amortisation charges. In total, 
the rate reductions resulted in annual savings to 
consumers of more than 600,000 dollars. By 
the end of the year, seventy-five of the 153 local 
systems had adopted one or the other of the 
reduced rate schedules. The lowest rates were 
being applied by thirty-one systems and the inter- 
mediate rates by forty-four, including one of the 
two privately owned utilities ; the remainder 
continued to apply the basic rates. 

A new rate for outdoor lighting installed for 
individuals was incorporated in the street- 
lighting rate schedules. This is expected to make 
it easier to provide such lighting to small isolated 
communities, to housing developments in sub- 
urban areas, and to individuals for their own 
use. Under the new plan, the distributor will 
install and maintain the lights while the customer 
will pay a flat monthly charge for each fixture. 
This has been made possible by the develop- 
ment by manufacturers of standard light fix- 
tures, each with its own photo-electric cell so 
that it is self-controlled. Such lights are placed 
on poles provided by the distributor. 

The growth of electrical use among the con- 
sumers in the Tennessee Valley region is en- 
couraged both by low rates and by aggressive 
promotional efforts on the part of the distri- 
butors, working in co-operation with T.V.A. 
Under these influences, the distributors’ sales 
of electricity more than tripled between 1950 and 
1960. Area coverage has become a reality, and 
virtually everyone has electric service. While 
rural electrification has approached completion 
as far as availability is concerned, the practical 
use of electricity on the farm and in the farm 
home is far from the ultimate. A number of 





—————__ 


power distributors have presented farm mater 
handling demonstrations, using several trailers 
and a variety of equipment which can Provide 
large degree of automation in some farm activi 1 
For the sixth consecutive year, the distributors 
and T.V.A. sponsored a series of farm wor 
for vocational agricultural teachers. The 19) 
workshops covered the use of electric heating in 
farming operations and in the farm home. 
distributors and the Tennessee Rural Electric Co. 
operative Association initiated a Programme of 
providing reference books covering farmstead Use 
of electricity to high schools for use in teachj 
vocational agriculture. A power Advisory Com. 
mittee was formed in 1959 with representatives 
both from the distributors and T.V.A. to plan 
long-range sales promotions, Co-ordinating the 
efforts of the distributors rather than leay; 
them wholly to individual systems. Under this 
programme, seventy-two distributors _ partic). 
pated in an electric air-conditioning programme 
offering customers cash bonuses with the purchase 
of window units. The Committee has endorsed 
the Gold Medallion Home programme under 
which awards will be given homes meeting certain 
electrical standards, such as adequate wiring, 
adequate lighting, electric heating, and the use of 
four major appliances. In commercial and jn. 
dustrial applications of electricity, T.V.A. and 
the power distributors work together through 
contracts. Under the contracts, T.V.A. pro- 
vides the services of specialists for which it is 
reimbursed by the distributors. The specialists 
assist commercial and industrial customers, 
consultants, building contractors and architects 
with plans and lay-outs for the effective and 
economical use of electricity. 


Stroboscope for Microwave Studies 


A high-speed electrical stroboscope, or 
sampling oscilloscope, has been developed 
at the Bell Telephone Laboratories for the 
observation of repetitive pulse patterns. In 
high speed, short pulse studies of this kind, 
much information can be gained from oscillo- 
scopes, but some new devices, such as the micro- 
wave transistor recently announced by Bell 
Laboratories and Esaki (tunnel) diodes, operate 
too rapidly for conventional oscilloscopes to 
follow. In these instruments, however fast, 
rise time and high sensitivity are usually mutually 
exclusive. This restriction does not apply to 
an electrical stroboscope, where the rise time 
is primarily a function of the bandwidth of 
the sampling circuits, and sensitivity depends 
on the gain of the amplifier in the low-frequency 
portion of the oscilloscope. 

In the instrument which has now been 
developed a gallium arsenide crystal is used as 
a gate which is opened briefly by pulses from 
a high-speed pulse generator to observe short 
samples of the signal pulse. The final signal 
observed on the low-frequency oscilloscope 
display tube is the result of integrating a large 
number of these samples. When the signal 
pulse and the strobe pulse occur at the same 
rate, the stroboscope continues to look at the 
same part of the electrical signal, comparable 
in a sense to a light stroboscope freezing the 
motion of a rotating shaft. If the two fre 
quencies are slightly different, the signal interval 
is scanned repetitively, in the same way that a 
moving part appears to move slowly when the 
light frequency differs slightiy from rotational 
frequency. The new instrument is being u 
in studies of binary pulses in the range of 1000 
megabits, or a billion bits per second. Oscillo- 
grams have been shown of pulses occurring 
640 million times a second, with a rise time 
for the wave forms as fast as 2x 107° seconds. 
Further tests have indicated that rise times at 
least as short as 1 x 107 seconds could be 
displayed satisfactorily. 
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BRITISH PATENT SPECIFICATIONS 


d are those of application and publication on completion. Copies of specifications may be obtained at the Patent Office Sales Branch, Southamp Buildings, Chancery Lane, W.C.2, 3s. 6d. each 















POWER TRANSMISSION 


961,585. June 8, 1959.—WoRM GEARING, Leyland 
Motors, Ltd., Leyland, Lancashire. (Inventor : 
John McHugh.) : : 

This invention relates in particular to worm gearing 
driving the back axles of road vehicles. If correctly 
adjusted and lubricated a worm gearing will run for 
a very long time without undue wear ; but to achieve 
that result tolerances in manufacture and fitting must 
be kept small. The principal displacement causing 
wear in service is believed to be a tilting and twisting 
of the worm wheel relatively to the worm. For the 
urpose of reducing such displacement the invention 
provides lateral support for the wheel in the neigh- 
bourhood of its engagement with the worm as shown 
in the drawing. On each side of the worm wheel rim 


ae 








No. 861,585 


adjacent to the point of engagement with the worm 
there is a metal pad A in contact with the wheel rim. 
Each pad is supported by steras B screwed into the 
gear housing and the pad can rock slightly upon 
the stems. The outer ends of the stems are squared 
to enable their pads to be adjusted. Preferably the 
pads are set to give running clearance when the 
gearing is not loaded and they come increasingly into 
operation as the load increases to resist further 
displacement of the wheel relatively to the worm.— 
February 22, 1961. 


861,741. June 23, 1959.—IMPROVEMENTS RELATING 
TO CHAIN AND BELT-TENSIONING MEANS, Perry 
Chain Company, Ltd., Stockfield Road, Tyseley, 
Birmingham, 11. (Inventor: Nigel Henry 
Blakstad.) 

This invention relates to means for tensioning 
driving chains or belts in which each of the two runs 
is liable to be alternatively tensioned and relaxed. 
The object is to provide tensioning means which can 
automatically and smoothly take up the slack in 
whichever run of the chain or belt is relaxed, and at 
the same time, permit of the tensioned run being 
straightened, without snatch or jerking in the course 
of the change-over. The tensioning means comprises a 
carrier block located between the two chain runs. This 
carrier block has, at the top, an open oil reservoir, and 
having bored, in the lower part two horizontal cylinders 
with their inner ends separated by a transverse wall 
with a small-diameter restricted orifice or bleed hole. 
The top reservoir is divided into two compartments, 
each of which communicates with a respective cylinder 
by an aperture A so that oil can enter the cylinders and 
maintain them fully charged. Oil can also flow from 
one cylinder to the other through the orifice in the 
transverse wall, but only at a predetermined con- 
trolled rate. Each cylinder contains a freely-slidable 
hollow plunger B, open at its inner end, but closed 
at its outer end, which carries a slipper C having a 
conveniently-shaped outer face of rubber or nylon, 
for engagement with the inner surface of the chain. 
Each plunger is forced outwards in its cylinder by 
a Compression spring within its hollow interior, and 
Presses the two slippers outwards on the respective 
runs of the chain. The top side of each plunger has 
in it a longitudinal groove movable over the aperture 
A in the oil reservoir and towards one end of this 
groove an aperture E is provided in the wall of the 
Plunger for enabling the oil to reach the interior of 
the cylinder. The aperture E is controlled by a clack 
valve which, in the embodiment illustrated, consists 
of a flexible steel blade having at its free end a convex 
head adapted to seat over and close the aperture. 
In operation, when normal driving is in progress in a 
given direction, the drive pulls one run of the chain 
taut and tends to leave the return run relaxed and 
slack. The plungers in the two cylinders are forced 
outwards by their springs in opposite directions, so 
that the slippers press on the inside surface of both 
runs. The plunger that co-operates with the taut run 
of the chain remains at or near the inner end of its 





cylinder, but the other plunger is moved towards the 
outer end of its cylinder until the slack in the relaxed 
run of the chain is taken up, the clack valve admitting 
oil into the cylinder. Any inward movement of this 
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plunger is substantially prevented, so long as the other 
run of the chain remains taut, by reason of the clack 
valve closing, although slight inward movement, to 
allow for inaccuracies in the mounting of the sprocket 
wheels, may be permitted if the head of the clack 
valve has a small aperture in it. In the event of an 
overrun occurring, or if the motion is reversed, the 
chain run that was previously taut will become slack 
and the other run will become taut. When this 
happens the plunger that had been moved out will 
be moved inwards by the tautened run of the chain 
at a controlled rate, notwithstanding that the clack 
valve closes, by reason of the oil behind it being 
forced through the bleed hole in the dividing wall 
between the two cylinders, into the second cylinder, 
the plunger of which is moved outwards to take up 
the slack in the now relaxed run of the chain. 
February 22, 1961. 


AIRCRAFT 


861,407. August 11, 1959.—ROoTATING WING AIR- 
CRAFT, The Blackburn Group, Ltd., Brough 
East Yorkshire, and Charles Bradbury, “ Popin- 
jays,” The Glade, Fetcham, Surrey. 

This invention is particularly concerned with a 
“ flying-crane ” type of helicopter which carries its 
payload externally suspended beneath it. The large 
helicopter illustrated in the drawings is with six 
lifting blades each individually driven by jets of gas 
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generated by two engines to each blade. It has four 
landing wheel legs A and a central axle B. An under- 
housing or cowling C contains hoisting gear for the 
lifting cable as well as pitch varying mechanism for 
the lifting blades and other mechanism. On the upper 
end of the axle is an air-intake housing or chamber 
having a forward facing air entry. Through a 


bearing on the axle there rotates an assembly D on 
which is mounted fuel tanks, turbines E and the roots 
of the lifting blades F and their ancillary equipment. 
There are two engines to each blade and each engine 
feeds through flexible ducting and ducts extending 
through its blade for discharge through a cascade G 
of curved blades which turn the gas flow through 
90 deg. and act as a nozzle exhausting the gases 
tangentially to drive the blades. The rotary assembly 
rotates about the axle with respect to a non-rotating 
structure, housing the landing legs, pilot accommo- 
dation and the air intake housing, and this structure 
may be orientated in space by servo-motors producing 
rotation relative to the rotary assembly. There are 
at least two of these servo-motors, mounted on the 
rotary assembly and geared to mesh with a toothed 
ring fixed on the non-rotating structure. The servo- 
motors which may be accelerated or decelerated to 
orientate the non-rotating structure are conveniently 
driven by gases from the main turbines. Control in 
pitch and altitude is also effected by suitable servos 
producing collective and cyclic changes in blade 
angles of pitch in a conventional manner.—February 
22, 1961. 


TELECOMMUNICATIONS 
861,296. May 20, 1958.—MiIcROWAVE AMPLIFIERS, 
English Electric Valve Company, Ltd., Queens 
House, Kingsway, London, W.C.2. (Inventor : 
John Dain.) 

The present invention may be regarded as providing 
improved floating drift tube Klystrons modified in 
such manner as to constitute efficient and stable 
microwave amplifiers which do not need regenerative 
feedback circuits external to the tube. Referring to 
the drawing, the operation of the tube as an amplifier 
is as follows. The input signal to be amplified is 
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impressed on the resonator A which acts as a pre- 
bunching cavity to impart velocity modulation to the 
electron beam from cathode B, interaction taking place 
through the gap C. The density modulated beam 
passes through the tube D into the cavity E and by 
interaction through the gap F excites a radio fre- 
quency field in that cavity. The amplitude of this 
field is increased by regenerative coupling from the 
beam as it passes the second gap inside the reso- 
nator. Suitable voltages are applied at point H and 
over lead J and the length of the drift tube K is so 
chosen with regard to the applied voltages and the 
resonant mode of the cavity E that the two interac- 
tions through the gaps in cavity E are regenerative. If 
the radio frequency voltages across the gaps are in 
phase the transit time of the electrons between these 
gaps must be approximately (+-3) of the time period 
of the radio frequency field, where n is zero, unity 
or any positive integer. The degree of regeneration 
can be controlled by varying the d.c. voltage applied 
to the drift tube. This voltage accordingly controls 
the magnitude of amplification and may be used to 
stabilise it. If desired the output signal may be 
amplitude-modulated by varying the voltage applied 
to the drift tube in accordance with desired modu- 
lating signals.— February 15, 1961. 


TUBES 
861,569. April 24, 1958.—ExTRUSION OF METAL 
Tuses, Hydraulik G.m.b.H., Miilheimer Strasse 
72, Duisburg, Germany. (Inventor: Ernst 
Muller.) 

This invention relates to a process for the manu- 
facture by extrusion of metal tubes, and to an hydrau- 
lic tube extrusion press suitable for carrying out the 
process. In the manufacture of metal tubes from 
solid billets according to the invention, for piercing 
the billet a press piston is first connected to the 
piercing mandrel by a coupling device which is 
remotely controlled. After completion of the piercing 
operation, the press piston is uncoupled from the 
piercing mandrel and the main press ram then 
applies pressure to the billet for extruding a tube. 
One embodiment of the invention is diagrammatically 
illustrated by way of example in the specification.- 
February 22, 1961. 











Catalogues and Brochures 


KABI (ELECTRICAL AND Ptastics), Ltd., Cranbourne Road, 
Potters Bar, Middlesex.—Catalogue illustrating a range of bench 
assembly trays and storage bins. 

Haprieps, Ltd., East Hecla Works, Sheffield, 9.—Publication 
No. 550 indicating some of the factors affecting die steel selection 
and brief details of those steels made by Hadfields, Ltd. 

Kopak, Ltd., Kingsway, London, W.C.2. —Catalogue contain- 
ing information about the salient features, sizes, prices and stock 
availability of “* Kodak ”’ industrial x-ray materials and equipment. 

Erco FuRNACES, Ltd., Queens Road, Weybridge, Surrey. 
Illustrated pamphlet describing shaker hearth furnaces for 
continuous heat treatment of small metal components and 
finished parts. The furnaces are for temperatures up to 950 deg. 
Cent., and there is a choice of quenching arrangements available 

British RAILWAYS, SCOTTISH REGION, 179, Howard Street, 
Glasgow, C.1.—Illustrated brochure, “ Glasgow Electric,” 
describing the electrification of the line from Aridrie to Helens- 
burgh and Balloch. The brochure includes several full-page 
plates in colour. Opening with a survey of the historical back- 
ground of rail communications in and around Glasgow, the 
text traces in non-technical language the progress of the scheme 
from its inception following the recommendations of the Grylis 
Report of 1951, through the civil, mechanical and electrical 
engineering work involved, to revolution in Glasgow suburban 
transport which has been realised by its completion. 


Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 

notices of meetings inserted in this column, are requested to note 

that, in order to make sure of their insertion, the necessary informa- 

tion should reach this office not later than a fortnight before the 

meeting. In all cases the Time and PLACE at which the meeting 
is to be held should be clearly stated. 


SUPERVISING ELECTRICAL 
ENGINEERS 


To-day, March 17.—StToke AND CREWE BRANCH : 
Hanley, “ Lift Installation and Maintenance,” 
7.30 p.m. 

Tues.. March 21. 
ment Exchange, St 
Lighting Installations,” 

Wed., March 22.—LONDON BRANCH : Cromwell Hall, Earls 
Court, London, S.W.5, “ Electrical Installations for Large 
Industrial Projects,”’ Sir Henry Clay, 6.30 p.m. 


BRITISH INSTITUTE OF RADIO ENGINEERS 


Wed., March 22.—-Computer Group : London School of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, London, 
W.C.1, Discussion on “ The Future of High Speed Storage 
Systems,” 5.30 p.m. %& West MIDLANDS SECTION : Electrical 
Engineering Department, The University, Birmingham, “ A 
Pulse Time Multiplex System for Stereophonic Broadcasting,” 
G. D. Browne, 6.15 p.m. x SOUTHERN SECTION : Technical 
College. | arnborough, “ The Design of a Long Range Single 
Sideband Airborne Equipment,” P. D. Adams and T. E. Wynne, 
7 p.m 

Thurs.. Mar h 23 
Malvern, ** Magnetic Filin Storage, 


CEMENT AND CONCRETE ASSOCIATION 


Wed., March 22.—-Cleveland Scientific and Technical Institution 
Corporation Road, Middlesbrough, “ Practical Formwork 
Design and Construction for Concrete,’ J. G. Richardson, 
7.15 p.m. 


COMBUSTION ENGINEERING ASSOCIATION 


Tues., March 28.—-NortTH WesteRN REGION: Bull and Royal 
Hotel, Fishergate, Preston, * Indusiry and the Clean Air Act,” 
J. S. G. Burnett, 7.15 p.m. 


ILLUMINATING ENGINEERING SOCIETY 


Mon., March 20.—Leeps Cenrre : 
24, Aire Street, Leeds, 1, * ane the Revised Code of 
Practice for Lighting in Building H. Hewitt, 6.15 p.m 

Tues., March 21.—-Liverroo. CEeNTRE : Electrical Industrial 
Development Centre, Merseyside and N. Wales Electricity 
Board, Paradise Street, Liverpool, 1, ‘ Characteristics and 
Applications of Photo-Cells,”” F. A. Benson, 6 p.m. 


INSTITUTE OF BRITISH FOUNDRYMEN 


Mon., March 20. 
Library, Ipswich, 
Parkes, 7.30 p.m. 

Wed., March 22.—-LONDON BRANCH: C onstitutions al Club, 
Northumberland Avenue, London, W.C * New Ideas in 
Melting,” W. B. Lawrie, and E. Ayres, 7. 30° Dp. m. 


INSTITUTE OF MARINE ENGINEERS 

Mon., March 20.—SouTH WALES SECTION : South Wales Institute 
of Engineers, Park Place, Cardiff, “* Details and Operating 
Data of Recent A.C. Installations,” A. N. Savage, 7 p.m. 

Tues., March 21.—-EDUCATION Group : Memorial Building, 76, 
Mark Lane, London, E.C.3, Annual General Meeting, and a 
Discussion on * The Marine Engineer,” opened by L. Jackson, 
5.30 p.m. 

Thurs., March 23.—KINGSTON UPON HULL AND HUMBER AREA 
SECTION : Royal Station Hotel, Kingston upon Hull, “* Details 
and Operating Data of Recent A.C. Installations,” A. N. Savage 
7.30 p.m. ye MERSEYSIDE AND NORTH WESTERN SECTION : 
Technical College, Bolton, ‘Metallurgy in Marine Engineering,” 
J. E. Garside, 3.15 p.m. 

INSTITUTE OF METALS 

Tues., March 21.—West OF ENGLAND METALLURGICAL SOCIETY : 
College of Technology, Ashley Down, Bristol, 7, “‘ Physical 
Methods of Analysis,”” K. M. Bills, 7.30 p.m. y& SouTH 
Wates Locat SecTiON : Metallurgy Department, University 
College, Singleton Park, Swansea, Annual General Meeting, 
and Chairman’s Address, 6.30 p.m 

Tues. to Thurs., March 21 to 23.- “Church House, Great Smith 
Street, London, S.W.1, Spring Meeting. 

Thurs., March 23.—-SOUTHAMPTON METALLURGICAL SOCIETY : 
The University, Southampton, Annual General Meeting, and 
** Metallurgy of Ferrous Welding,’’ R. G. Baker, 7.15 p.m. 


INSTITUTE OF NAVIGATION 
To-day, March 17.—Royal Geographical Society, 1, Kensington 
Gore, London, S.W.7, “* The Long-Term Plan for Air Traffic 
Control,” V. A. M. Hunt, 5.15 p.m. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS 


Mon., March 20.—-ScottisH Centre : Institution of Engineers 
and Shipbuilders, Elmbank Crescent, Glasgow, ‘* The Future of 
Road Transport,” A. Enticknap, 7.30 p.m 

Tues., March 21.—NortH EasTeRN CENTRE: Three Tuns 
Hotel, Durham City, “ The Future of Road Transport,” 
A. Enticknap, 7 p.m. 

INSTITUTION OF CHEMICAL ENGINEERS 


Wed., March 22.—Royal Institution, Albemarle Street, London, 
W.1, Joint meeting with the Institute of Gas Engineers, 
Discussion on “ Some Factors in the Safe Operation of Air 
Separation Plant,” opened by J. B. Gardner, 2.30 p.m. 


ASSOCIATION OF 


Grand Hotel, 
J. E. Collins, 


-OxFORD AND Districts BRANCH : Employ- 
Aldates, Oxford, ** The Design of Discharge 
G. V. McNeill, 8 p.m. 


SOUTH M!pDLANDS SECTION : Winter Gardens, 
A. C. Moore, 7 p.m. 


British Lighting Council, 


East ANGLIAN SECTION : Lecture Hall, 


Public 
“ Accuracy in Moulds and Cores, B 


Tues., March 28.—NorTH WESTERN BRANCH: Chemical 
Engineering Lecture Theatre, Manchester College of Science 
and Technology, Jackson Street, Manchester, “ Temperature 
Control of Exothermic Reactions Entailing Speeial Heat 
Transfer Problems,” B. F. Street, 6.30 p.m. 


INSTITUTION OF CIVIL ENGINEERS 


Tues., March 21.—-Great George Street, Westminster, London, 
S.W.1, Joint meeting with the. British Section, Société des 
Ingénieurs Civils de France, “ The Work of the Channel 
Tunnel Study Group,” J. M. Bruckshaw, J. Goguel, H. J. B. 
Harding and R. Malcor, 5.30 p.m. 

Thurs., March 23.—Trarric ENGINEERING Stupy Group: 
Great George Street, Westminster, London, S.W.1, Discussion 
on “ Traffic Engircering Problems on Motorways between 
Cities and Airports in France,”’ introduced by H. Grimond, 
5.30 p.m. 


INSTITUTION OF ELECTRICAL ENGINEERS 


Sat., March 18.—LONDON GRADUATE AND STUDENT SECTION : 
Visit to the Houses of Parliament, 10.30 a.m, 

Mon., March 20.—-LONDON GRADUATE AND STUDENT SECTION : 
Savoy Place, Westminster, London, W.C.2, “ Automatic 
Trunk Dialling,’ H. E. Francis, 6.30 p.m. NORTH-EASTERN 
MEASUREMENT AND ELECTRONICS Group : Rutherford College 
of Technology, Northumberland Road, Newcastle upon Tyne, 
“New Amplifying Techniques,” C. W. Oatley, 6.15 p.m. 
%& SHEFFIELD Sus-Centre : Angel Hotel, Brigg, Centre Chair- 
man’s Address, F. W. Fletcher, 6.30 p.m. 4 NORTH-WESTERN 
CENTRE : Manchester College of Science and Technology, 
Manchester, Discussion on * Experimental Methods with 
particular reference to Transistors,” opened by V. H. Atree, 
6.15 p.m. ye SouTH MIDLAND CENTRE: Winter Gardens, 
Great Malvern, Joint. , Meeting with the Electronics and 
Measurement Group, “ Radiocommunication by Means of 
Satellites,” A. W. Lies, 7.30 p.m. %& NORTH STAFFORDSHIRE 
Sus-Centre : County Technical College, Stafford, Joint 
meeting with the Graduate and Student Section, Short Papers 
Evening, 7 p.m. ye WESTERN SuppLy Group : Demonstration 
Theatre, Electricity House, Bristol, 1, “ Construction of Nuclear 
Power Stations,”’ D. M. Longman, 6 p.m. %-READING DisTRICT 
BRANCH : George Hotel, King Street, Reading, “‘ The Develop- 
ment of Eurovision,”’ M. J. Pulling, 7.15 p.m. 

Tues., March 21.—-MEASUREMENT AND CONTROL SECTION : 
Savoy Place, London, W.C.2, Discussion on “ Self-Adaptive 
Control Systems,”” opened by J. H. Westcott, J. L. Douce, 
P. E. W. Grinsted, and P. H. Hammond, 5.30 p.m. ¥& East 
MIDLAND ELECTRONICS AND CONTROL GROUP : Swan Hotel, 
Bedford, Joint meeting with the Bedford Sub-Centre, * Silicon 
Controlled Rectifiers,” R. G. Hibberd, 7 p.m. ¥ NORTH 
MIDLAND CENTRE : Lecture Theatre, Y.E.B. Offices, Ferens- 
way, Hull, “ The Transmission of News Film Over the Trans- 
atlantic Cable,”’ C. B. B. Wood and I. J. Shelley, 6.30 p.m. 
% NortH MIDLAND UTILISATION Group : Leeds and County 
Conservative Club, South Parade, Leeds, 1, Joint meeting with 
the Graduate and Student Section, “ Arc Control,” P. J. 
Mackertich, and ‘* Line Drop Compensation,” J. E. Taylor, 
6.30 p.m. %% NORTH WESTERN MEASUREMENT AND CONTROL 
Group: Engineers’ Club, Albert Square, Manchester, “ An 
Instrument for Measuring Voltage and Current on Very Low 
Frequency Three-Phase Supply,’ J. Rawcliffe, 6.15 p.m. 
%& SouTH MIDLAND ELECTRONICS AND MEASUREMENT GROUP : 
Herbert Lecture Theatre, Earl Street, Coventry, “‘ Bridging the 
Atlantic,”” A. H. Mumford, 6.30 p.m. 4% SOUTHERN CENTRE : 
Technical College, Farnborough, “ Recent Research in 
Thermionics,”” G. H. Metson and Miss E. Macartney, 6.15 p.m. 

Wed., March 22.—-ELECTRONICS AND Suppty SECTIONS : Savoy 
Place, London, W.C.2, “‘ The Engineering Aspects of Plasma 
Physics,” R. Carruthers and D. L. Smart, 5.30 p.m. ¥& CHAT- 
HAM District MEETING : Medway College of Technology, 
Chatham, Kent, “Servos for Trainable Mountings with 
Special Reference to the Bloodhound Launcher,” K. I. Bartlett, 
7 p.m. % LONDON GRADUATE AND STUDENT SECTION : 
Visit to British Railways, St. Pancras Signal Box, 3 p.m. 
% East MIDLAND Centre: E.M.E.B. Showrooms, Lincoln, 
“An Engineering Project in India,” H. E. Knight, 7.30 p.m. 
% SoutH-West Scortanpd Sus-Centre: Institution of 
Engineers and Shipbuilders, 39, Elmbank Crescent, Glasgow, 
““A General Theory of Depreciation of Engineering Plant,” 
D. Rudd, 6 p.m % SouTHERN CENTRE: Grand Hotel, 
Bournemouth, “ Radiocommunication in the Power Industry,” 

E. H. Cox and R. E. Martin, 6.30 p.m. 

Thurs., March 23.—-CAMBRIDGE ELECTRONICS AND MEASUREMENT 
Group : Cavendish Laboratory, Cambridge, “* Advances in 
Semiconductor Devices and Circuits,” J. Evans and T. H. 
Walker, 8 p.m. % Nortu Eastern Centre: City Hall, New- 
castle upon Tyne, Faraday Lecture “ Transistors and All 
That,” L. J. Davies, 7 p.m. y% SoutH MiIpLANp CENTRE : 
College of Technology, Gosta Green, Birmingham, Education 
Discussion Circle Meeting, “* The Integration of Industrial and 
Academic Training,” opened by E. C. Merrick, 6 p.m 
%& SOUTHERN CENTRE : South Dorset Technical College, Wey- 
mouth, “ High-Voltage Engineering,’’ E. L. White, 6.30 p.m. 


INSTITUTION OF HIGHWAY ENGINEERS 


To-day, March 17..-Nortuw EASTERN BRANCH : Department of 
Civil Engineering, King’s College, Newcastle upon Tyne, 
Annual General Meeting and “ Major Highways Programme 
o the Tyneside Area,” G. F. Garnett and W. H. B. Cotton, 

p.m. 


INSTITUTION OF LOCOMOTIVE ENGINEERS 


Tues., March 21.—Lecture Hall, Institution of Mechanical 
Engineers, 1, Birdcage Walk, London, S.W “ Cooling 
Equipment for Diesel Locomotives,” and M. 
Forbes, 5.30 p.m. 


INSTITUTION OF MECHANICAL ENGINEERS 


To-day, March 17.—NortH-EAsteRN GRADUATES’ BRANCH : 
Rutherford College, Newcastle-upon-Tyne, “‘ The Preparation 
re Presentation of Technical Papers,”” H. S. Hvistendahl, 
6 

Sat., 4 h 18.—NorRTH-WESTERN GRADUATES’ SECTION : Visit 
to Mussey Ferguson (United Kingdom) Ltd., Barton Dock 
Road, Stretford, Manchester, 9.30 a.m. + WesTeERN GRADU- 
ATES’ SECTION : Visit to Pitman Press, Bath, 9.30 a.m. 

Mon., March 20.—LuBRICATION Group: 1, Birdcage Walk, 
Westminster, London, S.W.1, Discussion on “ Running-in 
Practice ‘or Internal Combustion Engines,”’ opened by W. A 
Shell, 6 p.m. yEast MIDLANDS GRADUATES’ SECTION : 
Midland Hotel, Derby, Joint meeting with Derby A.D. Centre, 
“The Design of a V8 Engine,” A. J. W. Phillips, 7.30 p.m. 
%* Scottish A.D. CENTRE: Institution of Engineers and 
Shipbuilders, 39, Elmbank Crescent, Glasgow, “ Initiation and 
Some Controlling Parameters of Combustion in the Piston 
Engine,” J. S. Clarke, 7.30 p.m. 

Tues., March 21.—Orptnary MEETING : Engineering Laboratory 
Lecture Theatre, The University, Bristol, ‘“‘ Blade Profiles for 
Axial Flow Fans, Pumps, Compressors, etc.,”” A. D. S. Carter, 

p.m. yx NORTHERN [IRELAND BRANCH: Central Hall, 
Technical College, Belfast, Annual Meeting, and Repetition 
of the A.D. Chairman's Address, “‘ Some Problems We Meet,” 
L. H. Dawtrey, 6.45 p.m. %% Coventry GRADUATES’ SECTION : 
Grosvenor Room, Hotel Leofric, Coventry, “‘ The Transport 
Diesel Engine,”’ D. E. Gee, 7.30 p.m. 

Wed., March 22.—James CLAYTON Lecture : 1, Birdcage Walk, 
Westminster, London, S.W.1, “ The Bearing of Psychology 
and Medicine on Engineering,” Sir Frederic Bartlett, 6 p.m. 
¥%& SOUTHERN Grapuates’ SECTION : College of Technology, 
Portsmouth, Annual General Meeting, 7 p.m. 
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Thurs., March 23.—ORDINARY MEETING WITH 
LANDS BRANCH : British Railways Training 
“Some Features of the Design and Operation of 
Donington Power Station,” J. O. Grieves, J. S, Hall and ' 
Parish, 7.30 p.m. NorTH WESTERN BRANCH 
Science and Technology, Sackville Street ; 
Annual General Meeting, and “ Development oS 4 
ventional Pumps,” V. M. Barske, 6.45 p.m. ion a 
GRADUATES’ SECTION : Visit to Fremlins Brey wery, aS . 
Kent, 7.30 p.m. ¥ SOUTHERN BRANCH: Poly; 
Southampton, Annual Meeting, and Adésonn 
Chairman, 7.30 p.m. 

Fri., March 24.—-NORTHERN IRELAND GRADUATES’ § 
International Hotel, Belfast, “ Human Problems in 
Engineering,”’ C. C. Pounder, 7 p.m. 

Sat., March 25.—-LONDON GRADUATES’ SECTION Visit to 
Internal Combustion Engine Research Association, 9.30 


INSTITUTION OF PLANT ENGINEERS 


March 17.—BIRMINGHAM BRANCH : Imperial 
Birmingham, Annual General Meeting, 
Film, “* Economic Boiler Plant,” K. J. Luntley, 7.30 p. 
Mon., March 20.—WesT AND East YORKSHIRE BRANCH : 
worth School of Applied Science, The University, Leeds, 


Annual General Meeting, 7.30 p.m. 
Midland Hotel, een 


THE EAs My 


To-day, 
Temple Street, 


Wed., March 22.—L&icesteR BRANCH : 
Annual General Meeting, 7.30 p.m. * WESTERN BRANCH 
Grand Hotel, Broad Street, Bristol, Annual General Ma Mesing 
and “ Closed Circuit Television,” I. M. Waters, 6.15 
Thurs., March 23.—Institution of Mechanical Engineers, 
Birdcage Walk, Westminster, London, S.W.1 . Symposium om, 
* Lubrication Engineering,” 9.45 a.m. 


INSTITUTION OF PRODUCTION ENGINEERS 


Sat., March 18.—Leeps GRADUATE SECTION : Works Visit to 
Prince, Smith and Stells, Keighley, Yorks., 9.30 a.m 

Mon., March 20.—East AND West RIDINGS RRGION : 
Metropole, King Street, Leeds, 1, Annual General Meeting, 
and “ Work Study,” G. A. Daniell, 7 p.m. & NortHay 
REGION : Gateshead Technical College, Durham 
Gateshead, 9, Annual General Meeting, and Chairman's ~ 
Address, 6.45 p.m. 

Tues., March 21.—NortH WesTERN REGION : Pitfield BH 
Newcastle-under-Lyne, ** Management, Selection and Training? 
F. W. Tymdale, 6.30 p.m. 

Wed., March 22.—-MIDLANDS REGION: Star Hotel, Worcester, 
Annual General Meeting and Film Show, 7 p.m. ye MANCHER 
TER GRADUATE SECTION : Reynolds Hall, Manchester College 
of Science and , Technology, Manchester, Annual 
Meeting, and “ Furniture Making Today and Tomorrow,” 
A. J. Robins, 7.15 p.m. 


INSTITUTION OF STRUCTURAL ENGINEERS 


Mon., March 20.—-Mersetysipe PANEL : New Civil me 
Building, The University, Brownlow Hill, Liverpool, 
haviour of Tubular Structures in Compression—Static a 
Dynamic,”’ Professor Sir Alfred Pugsley, 6.30 p.m. 

Tues., March 21.—ScotrisH BRANCH : Institution of Engineers 
and Shipbuilders, 39, Elmbank Crescent, Glasgow, “ The 
Design and Construction of the Pannier Market at Plymouth,” 
A. P. Mason, 7 p.m. ¥%& YORKSHIRE BRANCH: Blue Bell 
Hotel, Scunthorpe, Joint meeting with the East Midlands 
Association of the Institution of Civil Engineers, “ Civil 
Engineering Problems in Nuclear Power Station Construction,” 
A. L. Brake, 6.15 p.m. 

Wed., March 22.—-WALES AND 
Mackworth Hotel, High Street, 
and Films, 6.30 p.m. 

Thurs., March 23.—\1, 
“ Rubber Tyred Overhead or 
Design of Industrial Buildings,” E. Lewis, 6 p.m. 

Fri., March 24.—MIDLAND COUNTIES "Be ANCH : Byng Kenrick 
Suite, College of Advanced Technology, Gosta Green, Birming- 
ham, 6, “* Models for Design and Research in Reinforced 
Concrete,” G. Brock, 6.30 p.m. 


JUNIOR INSTITUTION OF ENGINEERS 


March 17.—-Pepys House, 14, Rochester Row, West. 

London, S.W.1, “ The Use of Oxygen in Steelmaking,” 
J. L. Harrison, 7 p.m. 

Fri., pa h 24._-Pepys House, 14, Rochester Row, London, 
S.W.1, ‘“* A New Theory of the Origin of the Planetary System, 
R. ©. ‘Kapp, 7 p.m. 

NORTH EAST COAST INSTITUTION OF ENGINEERS 

AND SHIPBUILDERS 

-Lecture Theatre, Mining Institute, Neville 
Hall, Newcastle-upon- Tyne, * Experiments on Compression of 
Double-Bottom Plating,” T. Jaroszynski, 6.15 p.m 

Fri., March 24.—-Lecture Theatre, Mining Institute, Neville Hall, 
Newcastle-upon-Tyne, ‘‘ Fuel Cells,” H. H. Chambers, 6.15 
p.m. 
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MONMOUTHSHIRE BRANCH { 
Swansea, Students’ papers 


Upper Belgrave Street, London, S.W.1, 
~_ Influence on the 


To-day, 
minster, 


To-day, March 17 


REINFORCED CONCRETE ASSOCIATION 


Fri., March 24.—MIDLAND Counties BRANCH : Byng Kenrick 
Suite, College of Advanced Technology, Gosta Green, Birming- 
ham, Joint meeting with the Institution of Structural Engi 
“ Models for Design and Research in Reinforced Concrete,” 
G. Brock, 6.30 p.m. 


ROYAL AERONAUTICAL SOCIETY 


To-day, March 17.—MAN Powerep AircraFt Group : Lecture 
Theatre, 4, Hamilton Place, London, W.1, “* Power Trans 
mission Systems,”’ S. S. Wilson, 7 Pr. 

e, Mar« h 21.—Lecture Theatre, 4, Hamilton Place, London, 

WwW * Some Aspects of Buffeting,” "R Fail, 7 p.m. 

ny March 23.—14TH Louis BLERIOT MEMORIAL LECTURE : 
Lecture Theatre, 4, Hamilton Place, London, W.1, “ Problems 
of Short Take-off and Landing,’ H. Ziekler, 6 p.m. 


ROYAL INSTITUTION OF CHARTERED SURVEYORS 


Sat., March 25.—MINiNG Surveyors GENERAL MEETING : 7, 
Manor Place, Edinburgh, 3, “ Scottish Developments in the 
Mining Industry,’”’ R. McAdam, 9.45 a.m. 

ROYAL SOCIETY OF ARTS 


Wed., March 22.—John Adam Street, Adelphi, London, W. C.2, 
“Economic and Commercial Aspects of the Steel Industry,” 
Sir Robert Shone, 6 p.m. 


SOCIETY OF ENVIRONMENTAL ENGINEERS 


Fri., March 24.—Royal Society of Arts, John Adam Street, 
Adelphi, London, W.C.2, Annual General Meeting, 2.30 p.m. 


SOCIETY OF WATER TREATMENT AND 
EXAMINATION 


-Royal Society of Health, 90, Buckingham 


Today, March 17. ’ 
S.W.1, Annual General Meeting, 


Palace Road, London 
9.30 a.m. 
TELEVISION SOCIETY 
Thurs., March 23.---Cinematograph Exhibitors’ Association, 164, 
Shaftesbury Avenue. London, W.C.2, “ Underwater Television 
in Marine Biology  H. Barnes, 7 p. m. 


WEST OF SCOTLAND IRON AND STEEL 
INSTITUTE 


Fri., March 24.—39, Elmbank Crescent, Glasgow, Symposium 
n “ Heat Treatment,” 6.45 p.m. 





